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Abstract
Dopamine has a demonstrated role in humor processing. Humor comprehension (i.e.,
“getting the joke”) relies on dorsal striatum (DS) mediated problem-solving mechanisms,
whereas humor appreciation (i.e., “funniness”) relies on ventral striatum (VS) mediated
reward processing. Despite this, relatively little research has been conducted on potential
deficits in humor processing in Parkinson’s disease (PD). The present study investigated the
comprehension (i.e., categorization as jokes or non-jokes) and appreciation (i.e., funniness
ratings) of verbal jokes and non-jokes in PD patients and healthy age-matched controls while
ON and OFF levodopa medication. Relative to controls, PD patients demonstrated reduced
humor comprehension in the form of decreased accuracy identifying non-humorous stimuli.
Furthermore, controls found jokes to be less funny while ON medication. This suggests that
dopamine hypoactivity in the DS of PD patients could contribute to problems understanding
humor, whereas levodopa can reduce the rewarding nature of humor via overdose of the VS.

Keywords
Parkinson’s disease; levodopa; humor comprehension; humor appreciation; dopamine; dorsal
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Summary for Lay Audience
Humor is a ubiquitous and unique human cognitive ability, with two fundamental
components. The first, humor comprehension, or “getting the joke”, is associated with a part
of the brain called the dorsal striatum (DS) that is involved in problem-solving. The second,
humor appreciation, refers to subjective amusement experienced in response to funny jokes,
and relies on the ventral striatum (VS), an area of the brain responsible for processing
pleasurable rewards. The DS and VS are influenced by a neurotransmitter molecule called
dopamine. Parkinson’s disease (PD) is a neurodegenerative disease caused by the death of
dopamine-producing neurons in the brain, leading to dopamine deficiency in the DS,
followed by the VS in later stages of the disease. The frontline treatment for PD is to replace
dopamine with a medication called levodopa. However, levodopa can sometimes create an
overload of dopamine in the VS, particularly early in the disease, which can cause problems
with VS-mediated functions. Surprisingly, humor processing has been relatively
understudied in PD, although it is likely that the disease’s dopamine dysfunction can cause
problems to DS-mediated humor comprehension, whereas levodopa could cause problems to
VS-mediated humor appreciation.
We investigated humor comprehension and appreciation in 10 PD patients and 10 agematched healthy controls while ON and OFF levodopa. Participants listened to joke and nonjoke audio clips and were asked to make judgements about them. The first judgement was to
categorize audio clips as jokes or non-jokes. We found that PD patients had more difficulty
categorizing non-jokes, which is indicative of a deficit in humor comprehension. The second
judgement was to rate how funny each audio clip was. We found that control participants
rated jokes as less funny while ON levodopa, suggesting that VS dopamine overdose via
levodopa can indeed lead to reduced humor appreciation. However, our patients did not show
differences in humor appreciation ON or OFF levodopa, likely due to their relatively later
disease stage. Overall, these results suggest that humor comprehension deficits are present in
PD, and that treatment with levodopa could cause further problems in the form of reduced
humor appreciation for patients early in the disease.
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Chapter 1
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Introduction
Humor is arguably one of the most uniquely human cognitive abilities. Although

some have proposed that other animals are capable of “laughter” (a panting-like
vocalization during social play; Gervais & Wilson, 2005), there is little evidence
indicating that other animals are able to tell jokes, laugh at another’s expense, and
appreciate unintentionally humorous situations. Evidence suggests that humor has existed
for at least 35,000 years (Polimeni & Reiss, 2006b), and that it has evolved to serve
adaptive purposes, namely that of facilitating and smoothing interpersonal relationships
(Gervais & Wilson, 2005; Polimeni & Reiss, 2006b). Although there are some cultural
differences in humor appreciation (e.g., people from Western cultures tend to value
humor more highly; Jiang et al., 2019; Yue et al., 2016), no culture has been discovered
that does not utilize humor (Fry, 1994; Kruger, 1996). The fact that humor is ubiquitous is
widely considered the strongest piece of evidence for the theory that humor evolved
through natural selection (Fry, 1994; Kruger, 1996; Polimeni & Reiss, 2006b; Weisfeld,
1993).

1.1 Theories of Humor
1.1.1

Ostracism and Indirect Reciprocity Theory
The greatest adaptive purpose of humor is widely accepted to be its ability to

manipulate social encounters, but the ways in which humor can be used interpersonally
has been debated by researchers for decades. For example, early humor theorists
suggested that humor was primarily used to elevate one’s social status at the expense of
another’s. This “ostracism and indirect reciprocity” theory posits that humor is elicited
through jokes or tricks that ostracize another individual or group, either by directly
putting them down or by leaving them out of an emphasized camaraderie with others (R.
D. Alexander, 1986). These mechanisms also work to reinforce the humorist’s elevated
social status with others who find the joke amusing. However, this theory is limited in
several ways. For example, it does not explain self-deprecating humor in which the joke1

teller is also the victim of the joke. If humor’s main adaptive purpose is to raise one’s
own social status, it should not simultaneously lower it. The influence of group norms and
social power are also important considerations. Jokes that bring down others are not
always received well by the social group, and could negatively impact the social status of
the joke-teller (Fine & De Soucey, 2005; Gutiérrez et al., 2018; Knegtmans et al., 2018).
There is also the question of whether jokes must always be ostracizing. Alexander (1986)
contends that this is impossible. For example, although some puns might contain content
that is not directly harmful to any individual or group (e.g., “Do you know what happens
when frogs park illegally? They get towed.”), the listener of the pun is inevitably being
tricked. Weisfeld (1993) suggests that whether humor necessarily exists at the expense of
another is irrelevant; the fact that the joke-teller elicits feelings of amusement in others
that reinforces an elevated social status is enough for humor to be adaptive in social
situations.

1.1.2

False Alarm Theory
In most cases, telling a joke involves feeding the listener information, which leads

them to believe in a certain outcome. The punchline introduces a sudden incongruity that
makes the listener question their expectations and reinterpret the original information.
Although the ostracism and indirect reciprocity theory focuses on the individual social
benefits attained by the joke-teller, Ramachandran’s (1998) “false alarm theory” focuses
more on humor’s role in benefitting the social group. He suggests that laughter might
have evolved as a mechanism to communicate the detection of a benign incongruity to the
rest of the social group. Of course, some situations that have an unexpected twist (i.e.,
incongruity) might involve potential danger, for example, if a dog suddenly runs into the
path of a car driving down a country road. However, sometimes this twist is rendered
innocuous, such as if the ‘dog’ turns out to simply be a plastic bag blowing in the wind.
Ramachandram (1998) proposes that humor ensues when the sudden twist or incongruity
is deemed trivial, and that laughter communicates to the rest of the social group that there
is no real threat present. This would allow the group to conserve energy and resources
that might otherwise be wasted on investigating potentially dangerous situations. He also
suggests that over time, as the need for alerting the social group diminished, humor has
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taken on other cognitive and social roles. For example, humor might paradoxically be
used in times of distress in order to trivialize an otherwise disturbing situation. This has
been well documented following tragic events such as the sinking of the Titanic,
assassination of John F. Kennedy, the Challenger explosion, and 9/11 (Chovanec, 2019;
Dundes, 1987; Kuipers, 2002, 2005). In fact, evidence suggests that this dark style of
coping humor is associated with reduced existential anxiety (Morgan et al., 2019).

1.1.3

Incongruity Resolution Theory
A typical joke follows a standard structure with two key components. The first is

the set-up (e.g., “A man asked for a small donation toward the local swimming pool”),
which typically provides the listener with contextual information. The second is the
punch line (e.g., “I gave him a glass of water”). A joke’s set-up cleverly manipulates the
brain’s tendency to make predictions about the world and its development of expectations
for what will come next. In the given example, upon hearing the joke’s set-up one would
probably expect to hear that the solicitor will be given a small monetary donation.
However, the punch line overturns these expectations and produces a sudden incongruity
between the brain’s predictions (i.e., that a monetary donation will be given) and the
information that has been revealed (i.e., that the “donation” given is in fact a glass of
water to fill the pool). This sudden incongruity is touted by many to be humor’s most
vital feature (Ramachandran, 1998; Suls, 1972; Wyer & Collins, 1992). Indeed, if the
punch line could be predicted (if one had heard the joke previously, for example) then the
joke would not be as funny.
However, according to Suls (1972), incongruity is not enough. He further explains
that for humor to ensue, an incongruity must be resolved though some cognitive problemsolving mechanism by which we can make sense of the punch line within the context
provided by the set-up. In our working example, we must come to understand that a glass
of water could indeed be used as a small contribution toward the pool – to the water of the
pool, that is. This is the basis for humor comprehension, or “getting the joke”. If the
incongruity cannot be resolved, then one cannot comprehend the joke and will simply be
confused.

3

1.1.3.1

Incongruity resolution in puns

Puns are a unique form of verbal joke that contain ambiguous words (i.e., “play on
words”) that have double meanings. These can be either homophones, which sound the
same but are spelled differently (e.g., toad vs. towed), or homonyms, which are spelled
and sound the same (e.g., bar as in a metal pole vs. bar as in a drinking establishment).
Puns produce incongruity by simultaneously invoking both meanings of an ambiguous
word (Bekinschtein et al., 2011). For example, the pun “Why does a chicken coop have
two doors? If it had four doors it would be a chicken sedan” utilizes both meanings of the
ambiguous word coop/coupe. In its set-up, this pun prepares the listener to interpret the
word as a poultry house. However, the punch line provides an additional interpretation of
the word referring to a sports car. This incongruity is resolved as the listener comes to
understand that both meanings of the word are simultaneously valid within the given
context. If the listener was unable to retrieve the secondary meaning of the word (i.e.,
coupe), they would be unable to “get” the joke.
Of course, there are situations that invoke incongruity resolution through the use
of ambiguous words, but which are not intentionally humorous. For example, the phrase
“The other day I went to the bank with my girlfriend,” prepares the listener to interpret the
word bank as a financial institution. When this is followed up by “We had a really nice
time by the water,” the listener experiences an incongruity between the expected and
actual meaning of the word bank. The listener resolves this incongruity by accessing the
subordinate word meaning (i.e., by the river), but humor does not ensue. This is because
only one of the word meanings is contextually appropriate.

1.1.4

Reversal Theory
Suls’ (1972) Incongruity Resolution Theory has been met with several criticisms,

the largest being that there are many situations in which incongruity resolution occurs but
does not elicit humor, such as in our un-funny ambiguity resolution example above.
Apter’s (1982) reversal theory puts forth two additional features of humor that extend
beyond pure incongruity resolution.
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The first is that incongruity resolution must not cause a complete abandonment of
one’s original expectation. In the pool donation example joke, the punch line does not
invalidate the fact that the solicitor was originally asking for a monetary donation. For our
chicken coop/coupe pun, the punch line still follows the original question about the
number of doors on the coop. However, in the financial bank/river bank unfunny
ambiguity example, we must completely re-interpret our original expectation based on the
provided context. The idea of a couple travelling to a financial institution has been
completely invalidated and replaced by the notion of a couple sitting by a river.
The second is that the resolution must not lead to some more meaningful
discovery, that is, the reinterpretation must reveal a more mundane or unimportant reality.
In our pool example, a glass of water is obviously a quite trivial contribution to the
solicitor’s campaign. A response of, “Sure! I have a water company and can fill the entire
pool for you”, would have still produced incongruity, but would be a more meaningful
response and thus not as humorous. This also explains why other forms of incongruity
resolution, such as re-evaluating the evidence in a mystery novel upon a sudden plot
twist, are not humorous. The new interpretation of the evidence is now much more
important in the context provided by the plot twist (Wyer & Collins, 1992).

1.1.5

Comprehension-Elaboration Theory
Wyer and Collins (1992) extend on the previously described theories even further.

They propose that in addition to humor comprehension, greater amusement can ensue if
we cognitively elaborate on the situation. These elaborations could include imagining the
consequences of a humorous situation (e.g., the solicitor’s reaction upon being handed a
glass of water), visual imagery of the reinterpretation (e.g., imagining the pool being
filled up by small glasses of water), or even evaluating the moral status of the joke-teller
(e.g., does this person underestimate the importance of community resources?). Humor
elaboration explains why we might still find certain jokes funny upon hearing them for
the second time; if further elaborations can be made, the humor can continue to be
appreciated. However, jokes with low “elaboration potential” might not evoke amusement
upon a second listen.

5

1.2 Humor Comprehension and Appreciation
The theories described above bring to light an important distinction between two
aspects of humor processing: humor comprehension and humor appreciation.
Comprehension, or “getting the joke”, involves incongruity detection and resolution
through reinterpretation and reappraisal. Humor appreciation describes one’s subjective
feelings of amusement or mirth after a joke has been understood, incorporating features
such as laughter and Wyer and Collins’ (1992) elaboration process. Importantly,
comprehension does not necessitate appreciation. That is, one can “get the joke” but not
find it very funny. On the other hand, it is uncommon to experience true humor
appreciation without being able to understand a joke. Therefore, it is highly likely that
humor comprehension and appreciation are distinct cognitive processes with separable
neural bases. Humor comprehension is in many ways a problem-solving process,
involving set-shifting, decision making, and in the case of puns, lexical ambiguity
resolution. However, humor appreciation produces feelings of pleasure and happiness,
and likely invokes the reward network of the brain. Therefore, neurological insults such
as neurodegeneration or brain damage could affect humor comprehension and
appreciation in different ways, depending on the extent and location of the damage.

1.2.1

Evidence from lesion studies
Support for the distinction between humor comprehension and appreciation comes

from an evaluation of the literature surrounding humor processing deficits in patients with
brain lesions. For example, a published case study describes a patient who underwent
surgical removal of a bilateral frontal groove meningioma with subsequent loss of humor
appreciation, despite being able to fully comprehend humor (Patrikelis et al., 2017).
Studies investigating patients with right hemisphere damage (RHD) have found that this
group demonstrates great difficulty comprehending humor, yet surprisingly has a
preserved ability to appreciate humor (Bihrle et al., 1986; Bricker, 1999; Brownell et al.,
1983; Chau, 2010; Dagge & Hartje, 1985). This interesting finding has been clarified by
interviews with RHD patients who express that they often feel as though humorous
stimuli should be funny, but they cannot pinpoint the reason why (Bricker, 1999).
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1.2.2

Evidence from neuroimaging studies
Several neuroimaging studies have endeavored to investigate the specific brain

regions underlying humor comprehension and appreciation. The majority of these studies
use very similar paradigms in which participants undergo a functional magnetic
resonance imaging (fMRI) scan while they are exposed to humorous and non-humorous
stimuli (e.g., cartoons, auditory verbal jokes or puns). Participants are asked to indicate
whether they find each stimulus funny or not funny, which is typically used as an
indicator of humor comprehension. After the scan, participants provide a “funniness”
ratings for the stimuli (usually on a scale with lower numbers indicating less funny and
higher numbers indicating more funny), which can then be correlated with brain activity
during the scan as an indication of humor appreciation. For example, Bartolo et al. (2006)
used this methodology with cartoon stimuli, and found activation of a network involving
the right inferior frontal gyrus (IFG), left superior temporal gyrus (STG), left middle
temporal gyrus (MTG), and left cerebellum during humor comprehension. They found
activation of the same network, with the addition of the left amygdala, when using
subjective funniness ratings as independent variables. Similarly, Goel and Dolan (2001)
used this paradigm with auditory joke stimuli, and found activation of the bilateral
posterior MTG, left posterior inferior temporal gyrus (ITG), and left IFG during humor
comprehension. In a conjunction analysis for humor appreciation, they found activation in
the ventromedial prefrontal cortex (vmPFC) that covaried with subjective funniness
ratings.
However, there are several major flaws to the methodological design used by
these prior studies. First, the distinction between humor comprehension and appreciation
is not entirely clear, as the dichotomous (funny vs. not funny) and continuous (funniness
rating) responses appear to measure quite similar constructs. Furthermore, the
dichotomous classification of funny vs. not funny precludes humor comprehension in the
absence of humor appreciation. If a participant understands that a stimulus is intended to
be a joke (i.e., demonstrating humor comprehension), but does not experience subjective
amusement (i.e., humor appreciation), it is not clear whether they should they rate the
stimulus as funny, or not funny. It seems as though the distinction between funny and not
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funny would be a better approximation of humor appreciation. Indeed, Mobbs et al.
(2003) used a nearly identical design, yet operationalized humor appreciation with a
dichotomous funny vs. not funny response. They found similar cortical activation to
previous studies, including the left temporo-occipital junction, left lateral IFG,
supplementary motor area (SMA), and dorsal anterior cingulate cortex (dACC). In
addition, they found activation in a subcortical network involving the anterior thalamus,
nucleus accumbens (NAcc), ventral tegmental area (VTA), and amygdala, which was
taken to indicate that humor appreciation engages the subcortical reward network.
Instead of asking participants to rate stimuli as funny or not funny, Samson et al.
(2008) directly asked whether or not they understood the joke. This method provides a
much clearer measure of humor comprehension. In their fMRI study, they found that
jokes which were understood tended to activate the IFG, temporoparietal junction (TPJ),
supramarginal gyrus, and vmPFC. Although Samson et al. (2008) provided a significant
improvement over the typical methodology, they also gathered funniness ratings outside
of the scanner, which precluded the precise identification of a humor appreciation
network. Studies that have include funniness ratings gathered inside of the scanner (e.g.,
Berger et al., 2018) indeed gain an accurate measure of humor appreciation. However,
funniness ratings alone make it impossible to tell whether a stimulus that is rated low in
funniness was not appreciated or not comprehended in the first place. Therefore, the
simultaneous acquisition of both humor comprehension and humor appreciation measures
is essential.
Campbell et al. (2015) recently devised a clever, yet simple, solution to clearly
separate humor comprehension and appreciation processes that can be used during
neuroimaging. Using a trichotomous response profile, participants could indicate whether
they thought a stimulus was 1) a funny joke (FJ), 2) a not funny joke (NFJ), or 3) not a
joke at all (NJ). The NFJ response option allows for the demonstration of comprehension
without the experience of appreciation. To our knowledge, this is currently the only study
that has successfully distinguished humor comprehension and appreciation using this
simple method. By contrasting NFJ-NJ trials, significant activation implicating humor
comprehension was found in the left IFG, bilateral temporal poles, and bilateral TPJ.
8

Furthermore, humor appreciation was investigated by contrasting FJ-NJ trials, which
demonstrated significant activation in the bilateral substantia nigra and amygdala.
Furthermore, a voxel-level FJ-NFJ contrast demonstrated significant activity in the left
superior frontal gyrus (SFG).
Despite methodological limitations, it is clear that distinct brain networks exist for
humor comprehension and appreciation. Humor comprehension implicates the IFG,
medial frontal gyrus (MFG), inferior parietal lobule (IPL), TPJ, MTG, and SFG (Azim et
al., 2005; Bartolo et al., 2006; Bekinschtein et al., 2011; Campbell et al., 2015; Chan et
al., 2012, 2013; Goel & Dolan, 2001; Martin & Ford, 2018; Mobbs et al., 2003, 2005;
Samson et al., 2008; Shibata et al., 2014; Wild et al., 2003). These areas overlap with
those involved in problem-solving (Anthony et al., 2018; Becker et al., 2019; Liu et al.,
2012), decision-making (Vickery & Jiang, 2009), response inhibition (Hu et al., 2016;
Hughes et al., 2013), language processing (Davey et al., 2016; Liakakis et al., 2011),
sensory incongruity detection (Papeo et al., 2010), and theory of mind (Biervoye et al.,
2016; Devaney, 2018; Igelström & Graziano, 2017; Sellaro et al., 2015; Sowden et al.,
2015), all of which are cognitive processes that humor comprehension relies on. On the
other hand, humor appreciation engages mesocorticolimbic areas such as the VTA, NAcc,
amygdala, hippocampus, and vmPFC (Azim et al., 2005; Campbell et al., 2015; Chan,
2016; Chan et al., 2012; Goel & Dolan, 2001; Martin & Ford, 2018; Mobbs et al., 2003,
2005; Shibata et al., 2014; Wild et al., 2003). These areas have demonstrated roles in
reward and motivation, showing increased activity during social reward (Bell et al., 2013;
V. G. Weiss et al., 2015), alcohol cues (Filbey et al., 2008), monetary gains (Carlson et
al., 2011; Goldstein et al., 2007), and highly palatable foods (Siep et al., 2011; Sinclair et
al., 2015).

1.2.3

Humor processing deficits in autism and schizophrenia
There also exists a large body of research on humor processing deficits in various

neuropsychiatric disorders and diseases. Two of the most commonly studied are autism
spectrum disorder and schizophrenia. For example, Wu et al. (2014) found that high
school students with autism are worse at comprehending humor compared to students
without autism. The same study found that the autistic students had greater appreciation
9

for nonsense humor compared to classical incongruity resolution-based humor. This
supports findings that suggest that autistic individuals have a tendency to choose
incoherent, yet humorous, punchlines for joke set-ups instead of coherent humorous
endings (Emerich et al., 2003; Ozonoff & Miller, 1996). Samson and Hegenloh (2010)
propose that autistic individuals might have difficulties comprehending and appreciating
humor due to their difficulties perceiving social cues and utilizing theory of mind, as well
as their tendency to focus heavily on the non-humorous details of jokes. Kana and
Wadsworth (2012) demonstrated greater activation in the right hippocampus, bilateral
IPL, right MFG, and right lingual gyrus in autistic individuals during pun comprehension
compared to controls. Overall, the autistic group had more widespread and bilateral
activation compared to the control group, which the authors posit is evidence of the use of
compensatory mechanisms in retrieving appropriate word meanings.
Schizophrenia patients also have demonstrated reductions in their ability to
comprehend (Gomez, 2000; Polimeni & Reiss, 2006a) and appreciate humor (Bozikas et
al., 2007). Similar to autistic individuals, patients with schizophrenia are more likely to
choose nonsense humorous punchlines for joke set-ups compared to coherent humorous
endings (Gomez, 2000). Furthermore, neuroimaging studies have identified
hypoactivation in cortical areas relevant to humor processing in schizophrenic patients,
relative to controls. For example, schizophrenia patients demonstrate less activity in the
right posterior STG, left dorsomedial MFG and SFG, and dACC during the processing of
verbal puns (Adamczyk et al., 2017). Another study found that schizophrenic patients had
reduced activation in the IPL compared to controls during the processing of visual
cartoon jokes (Adamczyk et al., 2018). Berger et al. (2018a) conducted a similar visual
cartoon study, finding reduced activation for funny cartoons in schizophrenics compared
to controls in the anterior cingulate cortex (ACC), medial prefrontal cortex (mPFC), SFG,
MFG, and bilateral insula. Reduced activation was also detected in subcortical regions
including the bilateral putamen, right caudate nucleus, and left amygdala. Furthermore,
reduced functional connectivity between the mPFC and right caudate nucleus was
observed during the processing of funny cartoons for schizophrenic patients compared to
controls, which was positively correlated with funniness ratings.
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1.2.4

The role of dopamine
The evidence presented so far eludes to the notion that dopamine plays an

important role in humor processing. Firstly, dopamine is involved in several cognitive and
affective processes that underlie humor comprehension and appreciation, respectively.
For example, dopamine appears to be essential in lexical ambiguity resolution, which is
particularly important for the processing of verbal puns. In Copland et al. (2003), healthy
participants who were given levodopa (a dopamine precursor) demonstrated faster
reaction times (i.e., greater priming) to dominant word meanings (e.g., bank as in
financial institution) compared to participants who were given a placebo. Similarly,
Copland et al. (2009) found slower reaction times to subordinate word meanings (e.g.,
bank as in river bank) in participants given levodopa compared to those given a placebo.
Furthermore, this was associated with reduced activity in the right ACC. This evidence
suggests that within semantic networks, elevations in dopamine tend to increase signal
strength for more salient word meanings while suppressing less salient ones.
Second, aberrant dopamine neurotransmission has been implicated in both autism
spectrum disorder and schizophrenia. Pavăl (2017) proposed that social deficits and
stereotyped behaviors in autism arise from dysfunctional mesocorticolimbic and
nigrostriatal dopamine systems, respectively. This theory is supported by studies that
reveal both social and monetary reward processing deficits in autism (Schmitz et al.,
2008; Scott-Van Zeeland et al., 2010). In fact, social reward learning has been linked to
reduced activity in the ventral striatum in autism (Scott-Van Zeeland et al., 2010).
Furthermore, a positron emission tomography (PET) imaging study by Ernst et al. (1997)
reports reduced dopamine signaling in the mPFC during a theory of mind task. Genetic
studies have also found polymorphisms in the genes for D1 (Hettinger et al., 2008), D2
(Hettinger et al., 2012), D3 (Staal et al., 2015), and D4 dopamine receptor subtypes
(Gadow et al., 2010) in autistic individuals and families. Additionally, these
polymorphisms have been related to the severity of stereotyped behaviors and differences
in striatal volume (Staal et al., 2015), as well as to the severity of oppositional defiant
disorder and separation anxiety in autistic children (Gadow et al., 2010). This body of
evidence suggests that midbrain dopamine dysfunction likely contributes to several key
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symptomatic behaviors in autism and could also underlie humor processing deficits in this
population.
Dopamine dysfunction has been implicated in schizophrenia for decades, with the
present-day hypothesis suggesting that dopamine hyperactivity in the DS, coupled with
dopamine hypoactivity in the PFC and VS contributes to cognitive symptoms (AbiDargham & Grace, 2011; Perez-Costas et al., 2010; Weinstein et al., 2016).
Neuroimaging studies have supported this theory. For example, a meta-analysis of PET
imaging studies showed that on average, schizophrenia patients experience 14% greater
dopamine synthesis capacity in the DS compared to controls (Fusar-Poli & MeyerLindenberg, 2013). This is supported by fMRI studies that demonstrate elevated activity
in the DS of schizophrenic patients during episodes of psychosis compared to controls
(Sorg et al., 2013). Aberrant reward processing is also evident in schizophrenia; patients
demonstrate decreased VTA and VS activity during reward learning (Juckel et al., 2006;
Morris et al., 2012; Rausch et al., 2014; Schlagenhauf et al., 2009), as well as in response
to appetitive cues (Grimm et al., 2012). Reduced D1 receptor binding has also been
revealed in the PFC of schizophrenic patients compared to controls. This likely underlies
cognitive symptoms associated with reduced activity in PFC regions for this patient group
(Okubo et al., 1997). For example, schizophrenic patients demonstrate lower activity
relative to controls in the dorsolateral PFC and right MFG during the inhibition of
prepotent responses (Holmes et al., 2005; A. W. MacDonald & Carter, 2003), as well as
in the right amygdala, bilateral hippocampus, mPFC, caudate, putamen, midbrain, and
thalamus while viewing unpleasant images (Takahashi et al., 2004). Therefore, it is likely
that dysfunctional dopamine signaling throughout the striatum and PFC, coupled with
cognitive and affective symptoms, underlie problems with comprehension and
appreciation of humor in schizophrenic patients.

1.3 Parkinson’s disease (PD)
Although there is evidence implicating dopamine as an important neurotransmitter
in humor processing, very little research on humor in Parkinson’s disease (PD) has been
conducted, despite it being a dopamine-related disease. PD is a neurodegenerative
disorder characterized by a progressive deterioration of dopaminergic neurons in the basal
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ganglia (Yarnall et al., 2012). It is often recognized by its hallmark motor symptoms,
including bradykinesia, resting tremor, rigidity, and postural instability (Okun et al.,
2009). Several non-motor features of the disease have also been recently identified,
including cognitive impairment, autonomic dysfunction, and psychiatric complaints
(Okun et al., 2009). Socioemotional symptoms are also being increasingly recognized,
including deficits in facial emotion recognition (e.g., Sprengelmeyer et al., 2003),
emotional expression (e.g., Simons et al., 2003, 2004), and prosody detection (Buxton et
al., 2013). In fact, some contend that the impact of non-motor and socioemotional
symptoms on quality of life in PD is far greater than that of the disease’s motor symptoms
(Morimoto et al., 2003)

1.3.1

Anatomy and function of the basal ganglia
The basal ganglia regulate motor behavior through two main circuits (Figure 1). In

the direct pathway, the striatum sends inhibitory (i.e., GABAergic) signals to the internal
segment of the global pallidus (GPi). The GPi’s default state is to inhibit the thalamus, so
inhibition of the GPi leads to net excitation of the thalamus and release of glutamate
throughout the cortex. In the motor cortex, this results in an increase in voluntary
movement. The indirect pathway involves inhibitory projections from the striatum to the
external segment of the global pallidus (GPe). The GPe typically inhibits the subthalamic
nucleus (STN), which in turn excites the GPi. Therefore, inhibiting the GPe leads to a net
increase in GPi activity via the excitatory STN. Recalling that the GPi normally inhibits
the thalamus, the indirect pathway results in a net inhibition of the thalamus. This results
in less excitatory signals being sent from the thalamus to the cortex, such as suppression
of unwanted movements by the motor cortex. The GABAergic medium spiny neurons
(MSNs) in the striatum are regulated through dopamine from the substantia nigra pars
compacta (SNc) and VTA. Dopamine acts on MSN D1 receptors to excite the direct
pathway and through MSN D2 receptors to inhibit the indirect pathway (Haber, 2016;
Okun et al., 2009). In general, the SNc and VTA provide dopamine to the DS (i.e.,
majority of caudate and putamen), and VS (i.e., ventral caudate/putamen and NAcc),
respectively (Perrone-Capano et al., 2008).
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Figure 1: Overview of basal ganglia circuitry and structure.
In the direct pathway, the striatum (NAcc, caudate, and putamen) releases inhibition of
the thalamus by inhibiting the GPi, leading to a net increase in thalamic excitatory
signaling to the cortex. In the indirect pathway, the striatum releases inhibition of the
STN by inhibiting the GPe. The STN excites the GPi, leading to greater inhibition of the
thalamus and a net decrease in thalamic excitatory signaling to the cortex. Dopamine
increases and decreases activity of the striatum in the direct and indirect pathways,
respectively. dACC = dorsal anterior cingulate cortex; dmPFC = dorsomedial prefrontal
cortex; GPe = external segment of globus pallidus; GPi = internal segment of globus
pallidus; MC = motor cortex; NAcc = nucleus accumbens; OFC = orbitofrontal cortex;
PreMC = premotor cortex; SNc = substantia nigra pars compacta; STN = subthalamic
nucleus; vmPFC = ventromedial prefrontal cortex; VTA = ventral tegmental area.
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The striatum as a whole represents the main cortical input region of the basal
ganglia. Cortical input to the striatum is arranged topographically, with motor and
premotor cortices projecting to the putamen, dorsal prefrontal and anterior cingulate
cortices projecting to the caudate, and the ventral medial and orbitofrontal cortices
projecting to the NAcc (Figure 1; G. E. Alexander et al., 1986; Haber, 2016; Lehéricy et
al., 2004). The DS is largely responsible for the planning and execution of voluntary goaldirected behaviors, which is supported by its demonstrated role in planning and executing
volitional movement (Barbera et al., 2016; Kermadi & Boussaoud, 1995), inhibition of
pre-potent responses (Ali et al., 2009; Robertson et al., 2015; X. Q. Yang et al., 2018),
and performance of learned behaviors (Hiebert et al., 2017; Hiebert, Vo, et al., 2014). On
the other hand, the VS mediates and guides these behaviors through emotional and
motivational influence, demonstrated by its role in reward-based learning (Hiebert, Vo, et
al., 2014; Vo et al., 2016), emotional recognition (Monk et al., 2008; Mühlberger et al.,
2011), and temporal discounting (Hariri et al., 2006; McClure et al., 2004).

1.3.2

Pathology of PD
Early in PD, neurodegeneration begins in the SNc, resulting in the death of

approximately 30% of dopaminergic neurons in this region by the time of motor symptom
onset (Fearnley & Lees, 1991; Greffard et al., 2006). As the disease progresses, other
dopaminergic nuclei become affected, including the VTA (Alberico et al., 2015). In PD,
reductions in dopamine in the DS (due to early degeneration of the SNc) results in
overactivation of the indirect pathway, making it difficult for patients to execute and
control movements.
PD is also associated with the accumulation of misfolded α-synuclein protein
aggregates in the brain (i.e., Lewy bodies). The Braak model suggests that the spreading
of Lewy bodies throughout the brain occurs in a non-random fashion, proceeding through
a series of six stages (Braak & Del Tredici, 2009). The first stage involves development
of Lewy bodies in the dorsal motor nucleus of the vagus nerve and olfactory bulb,
followed by specific areas of the medulla oblongata (i.e., raphe nucleus, reticular
formation, and coeruleus) in the second stage. In the third stage, Lewy bodies have
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reached the SNc. In stage four, the amygdala and thalamus become affected. Finally, in
stages five and six, the cortex becomes affected (Braak & Del Tredici, 2009).

1.3.3

Treatment of PD
Currently, there is no cure for PD, so treatment strategies aim to manage

symptoms. The ‘gold standard’ therapy is oral ʟ-3,4-dihydroxyphenylalanine (i.e., ʟDOPA), which is a precursor to dopamine. Levodopa capsules typically contain 100 mg
ʟ-DOPA and 25 mg of carbidopa, which inhibits peripheral metabolism of ʟ-DOPA
before it crosses the blood brain barrier. Once ʟ-DOPA is taken up by neurons, it is
converted into dopamine by the aromatic ʟ-amino acid decarboxylase enzyme. Levodopa
has a short half-life of approximately 1.5 hours (Salat & Tolosa, 2013), so many patients
take multiple capsules per day. Repletion of dopamine through levodopa medication
restores balance to the direct and indirect pathways of the basal ganglia and is an effective
treatment for the motor symptoms of PD, particularly early in the disease. Over time,
chronic levodopa administration can result in motor complications such as dyskinesia (Ko
et al., 2014; Okun et al., 2009; Salat & Tolosa, 2013), however the exact mechanism for
this is currently unknown (Pandey & Srivanitchapoom, 2017).
Dopamine agonists (e.g., rotigotine, pramipexole, apomorphine) can also be
prescribed for PD. These agents mimic dopamine, primarily at striatal MSN D2 receptors
that mediate the indirect pathway, resulting in decreased inhibition of thalamocortical
signaling (Suski & Stacy, 2013). However, this can lead to unintended consequences for
some PD patients, such as impulse control disorders (H. D. Weiss & Pontone, 2014).
Recent technological advances have led to the development of deep brain
stimulation (DBS) surgery treatment for PD. This surgery involves implantation of
electrical probes that provide direct stimulation to a particular area of the basal ganglia.
The most common target is the STN (Groiss et al., 2009; Lyons et al., 2013). Due to the
risks and costs of DBS surgery, it is only recommended for younger individuals with
idiopathic PD who respond to levodopa yet have severe motor complications that are
difficult to manage through medication. Outcomes of STN-DBS therapy are generally
quite positive and long-lasting (Lyons et al., 2013).
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1.3.4

Dopamine overdose hypothesis
In addition to its beneficial effects for motor symptoms, the pharmacological

management of PD through levodopa restores cognitive abilities mediated by the DS,
including cognitive flexibility (Aarts et al., 2014; Cools et al., 2001, 2003) and response
selection (Hiebert et al., 2019; Vo et al., 2014). However, there are many cognitive
symptoms of PD that do not respond as well to (and can even be worsened by)
dopaminergic medication. The dopamine overdose hypothesis (Figure 2) suggests that
there is a range of dopamine concentrations that contribute to optimal functioning, but
that performance declines as concentrations become too low, or too high. In other words,
areas of the brain that are spared in PD (e.g., VTA/VS early in the disease) are actually
oversaturated with dopamine upon administration of levodopa and subsequently become
dysfunctional (A. A. MacDonald et al., 2013; P. A. MacDonald & Monchi, 2011; Meder
et al., 2019; Vaillancourt et al., 2013). This is supported by studies that demonstrate
impairments in VS-mediated reward-based learning after levodopa administration in
healthy young adults (Vo et al., 2016, 2017), healthy elderly adults (Vo et al., 2018), and
PD patients (Aarts et al., 2014; Cools et al., 2001; Gotham et al., 1988; Graef et al., 2010;
Hiebert, Seergobin, Vo, Ganjavi, & Macdonald, 2014; Vo et al., 2014). Furthermore, PD
patients also show worsened cognitive impulsivity, operationalized as more risky betting
strategies in gambling tasks, while ON levodopa (Cools et al., 2003; Torta et al., 2009).
Finally, fMRI studies have shown that for PD patients ON levodopa, activity in the VS
negatively correlates with reward learning (Aarts et al., 2014; Cools et al., 2007), and that
the VS demonstrates less functional connectivity with the ACC and vmPFC (W. Yang et
al., 2016).
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Figure 2: Dopamine overdose hypothesis.
Neurodegeneration in PD causes dopamine depletion in the dorsal striatum (DS) that
leads to decreased performance. Levodopa administration restores function in the DS to
optimal levels. However, levodopa administration decreases function of the relatively
spared ventral striatum (VS) via dopamine overdose. Adapted from Meder et al. (2019).
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1.4 Humor processing in PD
There are several reasons to believe that humor processing would be dysfunctional
in PD. First, humor comprehension and appreciation seem to involve an array of cortical
and subcortical regions that are affected by PD. In other words, the disease itself likely
causes disruptions to the brain’s humor processing ‘hardware’. Second, PD involves a
variety of cognitive symptoms that humor processing relies on. This is analogous to
disruptions in the brain’s humor processing ‘software’. For example, PD patients have
demonstrated difficulties with lexical ambiguity processing, such as being unable to
activate contextually appropriate ambiguous word meanings (Copland et al., 2000, 2001)
and problems with inhibiting prepotent responses during word selection paradigms
(Castner et al., 2007; Copland, Sefe, et al., 2009). This would of course have implications
for verbal humor comprehension, particularly for puns, in which both meanings of an
ambiguous word must be simultaneously activated. Third, pathological dopamine
overdose in the VS with levodopa administration could lead to reductions in humor
appreciation in PD patients, particularly for those early in the disease course. The VS has
a demonstrated role in reward processing and becomes activated during the appreciation
of humorous jokes. The dopamine overdose hypothesis would suggest that during PD
patients’ medicated state, these functions would also become disrupted. In other words,
although a patient might understand a joke, they might not find it funny. This could have
profound impacts on the patient’s social interactions and quality of life. Based on these
points, it is surprising that so few studies have been conducted on humor processing PD.
To our knowledge, there are only three studies that have investigated humor in this
disease population.
Benke et al. (1998) conducted a humor detection task with healthy elderly controls
and PD patients with cognitive impairment (PDCI) and without cognitive impairment
(PDnCI), determined by performance on the Münchner Gedächtnistest of verbal memory.
Participants were shown a series of three similar cartoons and were asked to identify
which one was humorous. Across 10 trials, PDCI patients performed significantly worse
than the PDnCI and healthy elderly control groups. The PDCI patients’ accuracy rate was
approximately 65%. There was no significant difference between the PDnCI group and
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healthy elderly controls (i.e., both groups performed at around 80% accuracy rate).
Furthermore, the authors found that performance on this cartoon-based humor task
correlated positively with performance on the Raven Progressive Matrices tests that
assess visuospatial abilities.
Thaler et al. (2012) conducted a multimodal investigation of humor processing in
PD. Healthy elderly controls and PD patients were asked to rate how funny (on a scale of
0 = not funny at all to 4 = very funny) they found humorous video clips, cartoons, and
audio sketches. Participants also completed the six-item Sense of Humor Questionnaire
(SHQ-6). Across all three presentation methods, PD patients provided significantly lower
funniness ratings compared to healthy controls. Furthermore, PD patients had lower
scores than controls on the SHQ-6. Upon examination of clinical measures, a negative
correlation between SHQ-6 score and disease severity was identified.
Finally, Mensen et al. (2014) investigated event-related potentials in PD patients
and healthy young controls during a time estimation task using humorous pictures as a
reward for correct responses. Throughout electroencephalography (EEG) recordings,
participants were instructed to estimate durations of either 1, 2, or 5 seconds using a
button press after trial initiation was indicated by the appearance of a neutral picture. If
they provided a correct estimation (within a certain window of time that was adaptively
based on task performance), a humorous alteration of the picture would be shown. PD
patients showed similar early ERP activation patterns to controls, indicating spared visual
processing. However, PD patients showed reductions in activation patterns in rightfronto-central areas around 270 msec post-feedback, compared to healthy controls. The
authors suggest that this is evidence for dysfunctional reward processing in PD.
These prior studies (Benke et al., 1998; Mensen et al., 2014; Thaler et al., 2012)
have several limitations. Most importantly, all three studies only tested PD patients while
they were ON their regular dopaminergic medication, precluding a further understanding
of the effects of dopaminergic therapies on humor processing in PD. Whether humor
processing is impacted by dopamine overdose is impossible to determine from these
studies. Another major limitation is that these studies did not distinguish between humor
comprehension and appreciation, which are two distinct processes likely mediated by
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separate neural pathways, and that could be affected differently by PD and dopaminergic
therapy. The study by Benke et al. (1998) seems to approximate humor comprehension by
asking participants to select the amusing picture. However, performance on this task
inherently depends on what participants find subjectively ‘amusing’. Similarly, Thaler et
al. (2012) only assessed humor appreciation by obtaining funniness ratings for their
stimuli. However, humor appreciation is often reduced if the joke is not comprehended in
the first place, so a low funniness rating could either mean that the participant did not
understand the joke, or that they did not find the joke funny. Finally, Mensen et al. (2014)
did not assess humor comprehension or appreciation at all, instead using humorous
pictures as rewarding stimuli in a time estimation task.

1.5 Present Study
The present study aims to conduct the first thorough investigation into humor
processing in PD by evaluating verbal humor comprehension and appreciation in PD
patients and healthy elderly controls both ON and OFF levodopa medication. This is an
essential first step in elucidating the potential presence and nature of humor processing
deficits in PD and can provide important insights for future studies. Importantly, we use
the trichotomous response profile proposed by Campbell et al. (2015) in which
participants may indicate whether they comprehend a joke without necessarily
appreciating it. This addresses one of the major limitations in prior humor research and
allows us to distinguish between the separate processes of humor comprehension and
humor appreciation. Furthermore, this study provides a unique opportunity to investigate
the role of dopamine in humor processing by studying both PD patients and healthy
controls in their normal (PD ON, control OFF) and altered (PD OFF, control ON) states.

1.5.1

Hypotheses
Previous evidence suggests that PD causes disruptions in DS-mediated lexical

ambiguity processing (e.g., Castner et al., 2007; Copland et al., 2000) and response
selection (e.g., Hiebert et al., 2019), which we believe will predispose PD patients to
difficulties in comprehending verbal humor. Therefore, we predict that PD patients will
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be worse at humor comprehension, especially for stimuli containing ambiguous words
(i.e., puns), compared to healthy elderly controls, particularly when OFF medication.
Furthermore, the dopamine overdose hypothesis suggests that VS-mediated
processes such as reward-based learning (e.g., Cools et al., 2006; Hiebert, Seergobin, et
al., 2014), become dysfunctional with levodopa administration. We believe that humor
appreciation, a VS-mediated response to subjectively amusing jokes, will similarly be
affected by levodopa-induced dopamine overdose. We therefore predict that both PD
patients and healthy elderly controls will find jokes less humorous while ON levodopa.
This would confirm and expand upon the findings from Thaler et al. (2012), in which PD
patients ON dopaminergic medication rated cartoon, video, and auditory humor as
significantly less funny compared to unmedicated healthy controls.
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Chapter 2

2

Methods

2.1 Participants
Based on an alpha of .05, and an effect size estimate of f = .25, an a priori power
analysis (calculated using G*Power v. 3.1; Faul et al., 2009) suggested that approximately
34 participants (i.e., 17 per group) would be required to achieve sufficient power of .80 in
a repeated measures mixed ANOVA (Cohen, 1988). Ten PD patients and 10 healthy
elderly control participants, matched for age and sex, participated in this study. Due to
circumstances surrounding the COVID-19 pandemic, we were unable to achieve our
target sample size. However, this smaller sample size is considered sufficient for the
exploratory nature of this study, and the current study aims to provide explicit effect sizes
that could be used for future, well-powered studies. All participants provided written and
informed consent (Appendix A) according to the Declaration of Helsinki (1991) and all
procedures were approved by the Research Ethics Board at the University of Western
Ontario (London, Ontario, Canada; Appendix B).
PD patients were diagnosed by a licensed movement disorders neurologist using
UK Brain Bank and Movement Disorder Society (MDS) criteria and were medically
managed on stable dopamine replacement therapy (e.g., levodopa) for at least 3 months.
All participants were screened for cognitive impairment and major depression/anxiety.
The MDS-Unified Parkinson’s Disease Rating Scale Motor Subscale (MDS-UPDRS III;
Goetz et al., 2008) was conducted at each session for all participants to evaluate PD
severity and rule out motor impairments in controls. Control participants were also
screened to rule out contraindications for levodopa administration (e.g., persistent
hypotension, glaucoma).

2.2 Procedures
All participants took part in two experimental sessions; ON and OFF levodopa.
Medication order was counter-balanced across participants. PD patients were instructed to
either take their prescribed dopaminergic medication normally (ON), or abstain from their
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medication prior to the session (OFF). Specifically, PD patients were instructed to abstain
from dopamine precursors (e.g., levodopa), aromatic-L-amino-acid decarboxylase
inhibitors (e.g., carbidopa), and catechol-O-methytransferase (COMT) inhibitors (e.g.,
entacapone) for 12-16 hours; additionally, they were asked to abstain from dopamine
precursors such as pramipexole (Mirapex), ropinirole (Requip), pergolide (Permax),
amantadine (Symmetrel), rasagaline (Azilect) and selegiline (Eldepryl/Deprenyl) for 1620 hours prior to testing. Controls were administered a capsule at each session, containing
either 100mg levodopa + 25mg carbidopa (ON), or a cornstarch placebo (OFF), in a
single-blinded manner.
At the first session, participants gave written, informed consent to participate in
the study (Appendix A) and completed a health and demographics form (Appendix C).
Additionally, control participants completed the Levodopa Safety Screening
Questionnaire (Appendix D) to evaluate preparedness for levodopa administration. At the
start of each session, sitting and standing blood pressure measurements were obtained for
a baseline. Control participants were next instructed to swallow a capsule that contained
either 100mg levodopa + 25mg carbidopa (ON) or cornstarch (OFF), depending on the
counterbalanced medication order they had been assigned prior to the study. Control
participants were blinded to these conditions throughout the study. After ingestion of the
capsule, control participants underwent a 45-minute waiting period in order for levodopa
to reach maximal plasma levels. Sitting and standing blood pressure measurements were
obtained once more at the end of the 45-minute waiting period.
At the end of each session, final sitting and standing blood pressure measurements
were recorded. Participants also completed the MDS-UPDRS III (Goetz et al., 2008) at
this time, which was video recorded to be scored by a licensed movement disorders
neurologist at a later date. At the second session, all participants were compensated with
$75.00 CAD in cash in appreciation for their time commitment to the study. In order to
assess whether potentially noticeable side effects had unblinded control participants, they
were asked at the second session to indicate which session they believed they had
received the active levodopa capsule. Following this, control participants were debriefed
about medication order.
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2.2.1

Questionnaires and Assessments
Across the two experimental sessions, participants completed a variety of

questionnaires and assessments. Those that relied on cognitive ability were administered
during “normal state” sessions (i.e., controls OFF; PD ON) in an effort to maintain
optimal level of functioning during these assessments. In addition to the questionnaires
outlined below, the Epworth Sleepiness Scale (ESS, Appendix E; Johns, 1991) and
Barratt Impulsiveness Scale (BIS, Appendix F; Patton et al., 1995) were collected for
comparison purposes with a larger sample of PD patients and were not included in the
present analyses. Measures of mood and affect were obtained at both ON and OFF
sessions after peak plasma levels of levodopa had been reached in order to evaluate
whether an effect of levodopa was present.

2.2.1.1

Bond & Lader Visual Analogue Mood Scale (BL-VAS)

At the start of each session (directly following capsule administration for controls)
participants completed the Bond & Lader (1974) visual analogue mood scale (BL-VAS;
Appendix G). Participants also completed a second BL-VAS at the end of each session
(i.e., at peak plasma levodopa levels). The BL-VAS contains sixteen 100 mm scales with
opposing adjectives at either end (e.g., “Alert – Drowsy”). Participants were asked to
imagine each end of the scale as representing the most of that adjective that they had ever
felt in their life and put a vertical line through the scale indicating how they felt at the
present moment. The BL-VAS is scored by measuring (in mm) the distance between the
participant’s mark and the left-most end of the scale. Half of the items are reverse scored
(i.e., subtracted from 100 mm) in order to remove handedness bias. The BL-VAS
contains three subscales: Alert (9 items), Contented (5 items), and Calm (2 items).
Subscale scores are calculated as an average of the mm scores for each of the subscale
items. Several studies have demonstrated that the BL-VAS is sensitive to changes in
subjective effects of drugs such as chlorogenic acid (Camfield et al., 2013), lorazepam
(Schunk et al., 2011), and tetrahydrocannabinol (Kleinloog et al., 2014). In the present
study, the BL-VAS was used to assess any subjective changes in mood following
levodopa administration.
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2.2.1.2

Montreal Cognitive Assessment (MoCA)

During “normal state” sessions (controls OFF; PD ON), participants’ cognitive
ability was assessed using the Montreal Cognitive Assessment (MoCA, Appendix H;
Nasreddine et al., 2005). The MoCA is a widely-used cognitive screening tool that has
been validated and recommended for use in evaluating mild cognitive impairment in PD
(Hoops et al., 2009; Skorvanek et al., 2018). The MoCA is scored out of 30, and contains
items testing a variety of cognitive functions, including visuospatial abilities (e.g., clock
drawing), short-term memory recall, executive functions (e.g., verbal abstraction),
attention, language, and orientation to time and place. Participants were included in the
present study if their MoCA score was above 23. Although this is below the traditional
MoCA cut-off of 26 for mild cognitive impairment, a recent review suggests that a cut-off
of 23 is more appropriate, particularly for those of older age (Carson et al., 2018).
Not only were MoCA scores were used to screen for mild cognitive impairment in
participants, we also sought to investigate the whether MoCA scores could predict humor
comprehension, as previous studies suggest that cognitive ability contributes to humor
comprehension (Benke et al., 1998; Shammi & Stuss, 2003). For example, scores on the
Mini Mental State Examination (a similar assessment of cognitive function to the MoCA)
have been shown to mediate the relationship between age and humor comprehension
ability in the elderly (Daniluk & Borkowska, 2017). Furthermore, PD patients with
reduced sense of humor (i.e., lower SHQ-6 scores) demonstrate difficulties on the
executive function portion of the MoCA (Thaler et al., 2012).

2.2.1.3

American version of the Nelson Adult Reading Test (AMNART)

At “normal state” sessions (controls OFF; PD ON) premorbid verbal IQ was
estimated using the American version of the Nelson Adult Reading Test (AMNART,
Appendix I; Grober & Sliwinski, 1991). The AMNART is adapted from the original
National Adult Reading Test (NART; Nelson, 1982) and asks participants to read aloud
50 words whose pronunciation is not intuitive from the spelling (e.g., thyme). The
AMNART is scored by giving one point per incorrectly pronounced word. To estimate
premorbid IQ, the number of incorrectly pronounced words and the participant’s years of
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education are entered into the following equation: 118.2 – 0.89(AMNART errors) +
0.64(years of education). This measure has been shown to be a good estimate of current
verbal IQ measured with the revised Wechsler Adult Intelligence Scale (WAIS-R) in a
sample of nondemented elderly participants (Grober & Sliwinski, 1991). It was also
found to be an acceptable predictor of full-scale IQ measured with the WAIS in a sample
of 65 university undergraduate students (Collins, 1999). Several studies have implicated a
relationship between verbal or full-scale IQ and humor comprehension ability (Brown et
al., 2005; Feingold & Mazzella, 1991; Wierzbicki & Young, 1978).

2.2.1.4

Six-item Sense of Humor Questionnaire (SHQ-6)

In order to account for individual differences in sense of humor, the SHQ-6
(Appendix J; Svebak, 1996) was administered to participants. The SHQ-6 is a shortened
version of the revised SHQ (SHQ-R; Svebak, 1974) that contains six questions related to
sensitivity to meta-messages (e.g., “Do you easily recognize a hint like a twinkle or a
slight change in emphasis as a mark of humorous intent?”) and liking of humorous
situations and individuals (e.g., “Persons who are always out to be funny are really
irresponsible types not to be relied upon”). Participants respond to these questions using a
4-point scale. The SHQ-6 is scored by summing the points across all questions, with
higher values indicating a greater sense of humor. In its original validation study (Svebak,
1996), the SHQ-6 was shown to be positively correlated to the SHQ-R and general life
regard (measured with the Life Regard Index), and negatively correlated with depression
scores (measured with the Zung Depression Scale).
For the present study, we chose to use the SHQ-6 instead of other humor scales
such as the widely-used Humor Styles Questionnaire (HSQ; Martin et al., 2003) because
the SHQ-6 focuses on humor comprehension and appreciation abilities rather than on
one’s own use or production of humor. Furthermore, the SHQ-6 was used in one of the
few studies that evaluated humor in PD (Thaler et al., 2012).

2.2.1.5

Twenty-item Toronto Alexithymia Scale (TAS-20)

In order to evaluate the effects of potential emotional deficits induced by PD on
humor processing, all participants completed the Toronto Alexithymia Scale (TAS-20,
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Appendix K; Bagby et al., 1994). Alexithymia reflects an inability to describe one’s own
feelings or emotions. Several studies have demonstrated that alexithymia is present in PD
at nearly double the rate of healthy elderly populations (Assogna et al., 2016; Costa et al.,
2010; Costa & Caltagirone, 2016). Furthermore, alexithymia has been associated with
deficits in humor processing, with some evidence suggesting that a common mechanism
could induce alexithymia and humor deficits in certain populations (Patrikelis et al., 2017,
2019).
The TAS-20 consists of three factors: 1) Difficulty Identifying Feelings (e.g., “I
am often confused about what emotion I am feeling”), 2) Difficulty Describing Feelings
(e.g., “It is difficult for me to find the right words for my feelings”), and 3) ExternallyOriented Thinking (e.g., “I prefer to analyze problems rather than just describe them”).
Participants respond to these questions with a 5-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree). Scoring for 5 items is reversed. Factor scores are
calculated by summing the responses for items within each factor. A total score is also
generated, which can be used with cut-offs to identify individuals with high (≥ 61) or low
(≤ 51) alexithymia. The TAS-20 is widely used and has demonstrated adequate reliability
and validity across languages and cultures (R. M. Bagby et al., 2020; Taylor et al., 2003).

2.2.1.6

Oxford Happiness Questionnaire (OHQ)

The Oxford Happiness Questionnaire (OHQ, Appendix L; Hills & Argyle, 2002)
was collected to gain a measure of general happiness. The OHQ includes 29 statements
about personal happiness (e.g., “I often experience joy and elation”) that participants
respond to using a 6-point Likert scale ranging from 1 (strongly disagree) to 6 (strongly
agree). Twelve of the items are reverse scored. An overall score for the OHQ is generated
by averaging responses across all of the items. A higher score indicates greater levels of
happiness. Several studies have demonstrated a relationship between scores on the OHQ
and “self-enhancing humor” and “affiliative humor” styles of humor, suggesting that
happy people tend to adopt more positive humor styles (Ford et al., 2016; Yaprak et al.,
2018).
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2.2.1.7

Beck Depression Inventory II (BDI-II)

At the end of each session (i.e., after plasma levels of levodopa had reached its
peak), participants completed the Beck Depression Inventory II (BDI-II; Beck et al.,
1996) to assess depressive symptoms. The BDI-II is a 21-item self-report of depressive
symptoms experienced over the past two weeks (e.g., “sadness”, “crying”). Participants
respond using a 4-point scale ranging from 0 (no experience of depressive symptoms) to 3
(frequent experience of depressive symptoms). The BDI-II is scored by summing these
responses (scores range from 0-63), with higher scores indicating greater levels of
depression. Cut-off scores range from 0-13 (minimal depression), 14-19 (mild
depression), 20-28 (moderate depression), and ≥ 29 (severe depression).
PD patients suffer from depression at higher rates than the general population,
with an approximate prevalence of at least 20% (Burn, 2002; Goodarzi et al., 2016;
Martínez-Martín & Damián, 2010; Poewe, 2007; Schwarz et al., 2011). The BDI-II is
considered to be an excellent measure of the presence and severity of depression in PD,
and the MDS has recommended the use of the BDI-II in PD populations (Schrag et al.,
2007; Visser et al., 2006).

2.2.1.8

Beck Anxiety Inventory (BAI)

The Beck Anxiety Inventory (BAI; Aaron T. Beck et al., 1988) was also
administered to participants at the end of each session to assess anxiety symptoms. The
BAI contains 21 physical and mental symptoms of anxiety (e.g., “Numbness or tingling”,
“Fear of the worst happening”) and asks participants to rate how bothered they have been
by each symptom in the past week using a 4-point scale from 0 (not at all) to 3 (severely).
The BAI is scored by summing these items (scores range from 0-63), with greater scores
indicating higher levels of anxiety. Cut-off scores range from 0-7 (minimal anxiety), 8-15
(mild anxiety), 16-25 (moderate anxiety), and ≥ 26 (severe anxiety).
Clinically significant anxiety is reported to be present in approximately 30% of
PD patients (Broen et al., 2016; Dissanayaka et al., 2010; Mele et al., 2018). However,
there are currently no anxiety rating scales that have been recommended for use by the
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MDS (Leentjens et al., 2015). The MDS has determined that the BAI fulfils the criteria
for “suggested” use in PD.

2.2.1.9

Starkstein Apathy Scale (SAS)

At the end of each session, the Starkstein Apathy Scale (SAS, Appendix M;
Starkstein et al., 1992) was also collected to assess clinical apathy within our participants.
The SAS contains 14 items regarding motivation and interest, such as “Are you interested
in learning new things?”. Participants respond using a 4-point scale ranging from 0 (not at
all) to 4 (a lot). Six of the items are reverse scored, and the scale is summed for a final
SAS score (range from 0-42), with higher scores indicating greater levels of apathy. A
cut-off score of 14 is suggested for distinguishing between those with (≥ 14) and without
(< 14) apathy.
Approximately 30-40% of PD patients are reported to have apathy (Den Brok et
al., 2015; Mele et al., 2019; Pagonabarraga et al., 2015; Pedersen et al., 2012; Starkstein
& Brockman, 2011). The SAS has demonstrated excellent reliability and validity, and is
currently the only apathy scale that is “recommended” by the MDS for use in PD
populations (Leentjens et al., 2008).

2.2.1.10

New Freezing of Gait Questionnaire (N-FOG)

The New Freezing of Gait questionnaire (N-FOG, Appendix N; Nieuwboer et al.,
2009) was administered to PD patients only to assess freezing of gait symptoms. Freezing
of gait is a common symptom of PD in which the patient suddenly experiences disruption
in walking, accompanied by a feeling that the feet are “glued” to the floor. These episodes
often occur during the initiation of movement, while turning, or when walking through
narrow spaces. Freezing of gait is often associated with greater disease severity, and is
experienced by approximately 40% of PD patients (Perez-Lloret et al., 2014). The 9-item
N-FOG assesses the presence, severity, and functional impact of freezing of gait over the
past month. If the patient has not experienced a freezing episode during this time, they are
given a score of 0. Patients who have experienced freezing can receive total scores
ranging from 1-29, with higher scores indicating greater severity and functional impact of
freezing.
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2.2.2

Humor Processing Task
At each session, participants completed a humor processing task that involved

listening to audio clips ranging in duration from 3-13 seconds (see Appendix O for
written list of auditory stimuli). Half of the audio clips were jokes and the other half were
neutral (i.e., non-jokes). Furthermore, half of the audio clips involved ambiguity in the
form of a play on word. These words were either homophones (e.g., toad vs. towed), or
homonyms (e.g., bar as in a metal pole vs. bar as in a drinking establishment). Jokes
containing ambiguous words were considered to be puns. The majority of the stimuli (92)
have been used in previous studies (Bekinschtein et al., 2011; Fiacconi & Owen, 2015),
although 68 additional stimuli were generated to increase the size of this stimulus
database. The new stimuli followed the same structure as the previous set and were
similar in duration. All 160 stimuli were recorded by a male voice and spoken as neutrally
as possible, so as not to reveal whether the audio clip was a joke or non-joke solely based
on intonation. The audio was presented to participants through headphones. At the start of
the task, a volume check was conducted to ensure that participants could properly hear
the audio through the headphones.
At each session, participants were exposed to 80 audio clips with equal
distributions of each audio clip type (i.e., 20 of each; unambiguous joke, unambiguous
non-joke, ambiguous joke, ambiguous non-joke). No audio clips were repeated within or
across sessions. The audio clips were presented in a random order for each PD patient and
matched control pair. Following each audio clip, participants were asked to choose one of
three categories for the clip: 1) not a joke, 2) joke – funny, or 3) joke – not funny. This
trichotomous response profile was originally proposed by Campbell et al. (2015), and
allows for the separation of humor comprehension and humor appreciation. For example,
one could understand that an audio clip was intended to be a joke (i.e., demonstrating
humor comprehension), but not experience amusement (i.e., failing to demonstrate humor
appreciation), thus categorizing the clip as “joke – not funny”. This represents a major
improvement from previous humor research, in which participants are often asked to
categorize auditory jokes as either “funny”, or “not funny” (e.g., Chan et al., 2012; Goel
& Dolan, 2001; Marinkovic et al., 2011; Mobbs et al., 2003), or are asked to simply rate
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how funny each stimulus was (e.g., Bartolo et al., 2006; Bekinschtein et al., 2011; Chan,
2016; Cunningham & Derks, 2005; Fiacconi & Owen, 2015; Galloway & Chirico, 2008;
Gutiérrez et al., 2018; Korb et al., 2012; Shultz, 1972; Thaler et al., 2012; Tian et al.,
2017; Vrticka et al., 2013; Wild et al., 2006). Unfortunately, these prior methods prevent
participants from demonstrating humor comprehension for jokes that they indeed
understand, yet simply do not find funny.
In order to gain an index of humor appreciation beyond the categorization of an
audio clips as a “funny joke”, participants were next asked to rate how funny the audio
clip was on a scale from 1 (not funny at all) to 4 (extremely funny), regardless of whether
the audio was a joke or non-joke, and also regardless of how participants had categorized
it on the previous screen. Participants were instructed to make both categorization and
rating responses using the up and down arrow keys on a standard keyboard to select their
desired response. The selected response would be highlighted in green. The starting
position of this green highlighted selection was randomized on each response screen, to
prevent biases in response times (RT) for selections that were closer or further to the
starting selection. Once participants had selected their response, they were instructed to
press the space bar to confirm their answer. Participants had a maximum of 5 seconds to
make each response (Figure 3). Prior to completing the task, all participants watched a
video containing detailed instructions of the aforementioned procedure and were provided
with an opportunity to ask questions for further clarification, if necessary.
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Figure 3: Outline of humor processing task.
Participants listened to an audio clip ranging from 3-13 seconds in length. Following this,
they were asked to categorize the audio as either 1) joke – funny, 2) joke – not funny, or
3) not a joke. Next, they were asked to rate how funny the audio clip was, regardless of
how it had been categorized previously. Participants had a maximum of 5 seconds to
make each response. Participants used the up and down arrow keys on a standard
keyboard to make their selection, which was highlighted in green, and confirmed their
response with the space bar.

2.3 Statistical Analyses
All data were analyzed with R statistical computing software (v. 3.6.3) and R
Studio (v. 1.1.463). Humor comprehension (i.e., categorization accuracy of correctly
assigning jokes and non-jokes) and humor appreciation (i.e., average funniness ratings)
data were examined for outliers above or below 3 x the interquartile range (IQR) for both
PD and control groups. RT data for both humor comprehension and appreciation were
also examined for time-out instances, in which participants failed to respond within the 5second time limit. In all undermentioned statistical analyses, the assumptions of ANOVA
were met, except for the assumption of normality in a few indicated cases. However,
ANOVA is generally considered to be quite robust to moderate violations of the
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normality assumption (Blanca et al., 2017; Glass et al., 1972). Because of these moderate
normality violations, the Flinger-Killeen test, which is robust to departures from
normality, was used to test for homogeneity of variance (Conover et al., 1981). Due to the
exploratory nature of this study, and to conserve power, correction for multiplicity
adjusting for the number of statistical tests was not conducted for our main outcome
measures (Rothman, 1990; Streiner, 2015). As this study primarily represents an initial
investigation into potential humor processing deficits in PD, our aim was to reduce Type
II errors which could preclude well-powered follow-up studies. Where applicable (e.g.,
testing for baseline differences in demographic measures between PD and controls,
levodopa effects on depression, anxiety, apathy, and mood scores), Bonferroni correction
was used to adjust for multiple comparisons. All post hoc contrasts were conducted using
estimated marginal means.

2.3.1

Demographic, clinical, and questionnaire measures
The difference between PD patients and controls was evaluated for all

demographic and clinical measures (e.g., age, education) and questionnaires that were
administered at a single session (e.g., SHQ-6, TAS-20) using independent sample t-tests,
correcting for multiplicity using the Bonferroni method. Questionnaires that were
administered at both sessions (e.g., BDI-II, VAS) were evaluated with 2 x 2 mixed
ANOVAs, with Group (control vs. PD) as a between-subjects factor and Medication
(OFF vs. ON) as a within-subjects repeated measures factor, using the Bonferroni method
to adjust for multiple comparisons.

2.3.2

Humor Comprehension
Humor comprehension was measured as the percentage of joke and non-joke

stimuli that were correctly categorized as such. Jokes were considered correct if
participants chose either the “Joke – Funny” or “Joke – Not Funny” category. Non-jokes
were only considered correct if the “Not a joke” category was selected. These humor
comprehension scores were entered into a 2 x 2 x 2 x 2 mixed ANOVA, with Group
(control vs. PD) as the between-subjects factor, and Medication (OFF vs. ON), Ambiguity
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(unambiguous vs. ambiguous), and Stimulus Type (non-joke vs. joke) as the withinsubjects factors.
In a previous study, Campbell et al. (2015) found that participants incorrectly
categorized non-jokes more often than jokes. In order to assess whether this was an
indication of worse humor comprehension (i.e., failing to recognize when a stimulus is
not intended to be humorous) or greater humor appreciation (i.e., finding more stimuli
humorous in general), they analyzed the number of incorrectly categorized non-jokes that
were classified as either funny jokes or not funny jokes. We conducted a similar analysis,
in which responding bias for incorrect non-jokes was assessed with normalized difference
scores between “Joke – Funny” and “Joke – Not Funny” responses for non-joke stimuli.
These data were entered into a 2 x 2 x 2 mixed ANOVA, with Group (control vs. PD) as a
between-subjects factor, and Medication (OFF vs. ON) and Ambiguity (unambiguous vs.
ambiguous) as within-subjects factors.
Next, the average RT for categorization of the stimuli as jokes or non-jokes was
taken as a measure of humor comprehension latency. This measure was entered into a 2 x
2 x 2 x 2 mixed ANOVA, with Group (PD vs. control) as the between-subjects factor, and
Medication (ON vs. OFF), Ambiguity (ambiguous vs. unambiguous), and Stimulus Type
(joke vs. non-joke) as the within-subjects factors.
Finally, three separate multiple regression analyses were conducted to evaluate the
relationships between humor comprehension (percent correct) and clinical, demographic,
and affective factors. The first regression evaluated the effects of disease duration,
levodopa equivalent dose (LED), and freezing of gait (N-FOG) scores on humor
comprehension. The second regression evaluated the effects of age, years of education,
cognitive ability (MoCA), estimated premorbid IQ (AMNART), happiness (OHQ),
alexithymia (TAS-20), and sense of humor (SHQ-6) on humor comprehension. Finally, a
third regression analysis evaluated the effects of depression (BDI-II), anxiety (BAI), and
apathy (SAS) on humor comprehension.
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2.3.3

Humor Appreciation
Humor appreciation was measured as the average funniness rating on our 4-point

Likert-type scale (1 = not funny at all; 2 = mildly funny; 3 = moderately funny; 4 =
extremely funny). Average funniness ratings were used as the outcome measure in a 2 x 2
x 2 x 2 mixed ANOVA, with Group (control vs. PD) as the between-subjects factor, and
Medication (OFF vs. ON), Ambiguity (unambiguous vs. ambiguous), and Stimulus Type
(non-joke vs. joke) as the within-subjects factors.
Responding bias for correctly identified jokes was also used as a measure of
humor appreciation. This was calculated as the normalized difference score between
“Joke – Funny” and “Joke – Not Funny” responses for correctly identified joke stimuli.
These data were entered into a 2 x 2 x 2 mixed ANOVA. Once again, Group (control vs.
PD) acted as the between-subjects factor, whereas Medication (OFF vs. ON) and
Ambiguity (unambiguous vs. ambiguous) acted as within-subjects factors.
Next, RT for the funniness rating was taken as a measure of humor appreciation
latency, and analyzed in a 2 x 2 x 2 x 2 mixed ANOVA, with Group (control vs. PD) as
the between-subjects factor, and Medication (OFF vs. ON), Ambiguity (unambiguous vs.
ambiguous), and Stimulus Type (non-joke vs. joke) as the within-subjects factors.
Lastly, three separate multiple regression analyses were conducted to evaluate the
relationships between humor appreciation (average funniness rating) and clinical,
demographic, and affective factors. The first regression evaluated the effects of disease
duration, levodopa equivalent dose (LED), and freezing of gait (N-FOG) scores on humor
appreciation. The second regression evaluated the effects of age, years of education,
cognitive ability (MoCA), estimated premorbid IQ (AMNART), happiness (OHQ),
alexithymia (TAS-20), and sense of humor (SHQ-6) on humor appreciation. Finally, a
third regression analysis evaluated the effects of depression (BDI-II), anxiety (BAI), and
apathy (SAS) on humor appreciation.
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Chapter 3

3

Results
We first evaluated demographic, clinical and questionnaire measures for

differences between groups and medication status. Then, humor comprehension was
investigated using a) the overall percentage of correct responses, b) responding bias for
incorrect non-joke trials, and c) RT as outcome measures. The relationship between
humor comprehension scores (percent correct) and clinical, demographic/questionnaire,
and affective measures was also examined. Finally, humor appreciation was evaluated by
using a) average funniness rating, b) responding bias for correct joke trials, and c) RT as
outcome measures. The relationship between humor appreciation (average funniness
rating) and clinical, demographic/questionnaire, and affective measures was also
analyzed. See Figure 4 for an overview of these analyses.

Figure 4: Overview of analyses.
Flow chart summarizing analysis process. RT = response time.
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3.1 Demographic, clinical, and questionnaire measures
As shown in Table 1, PD patients and controls did not differ in age, education,
cognitive ability (MoCA), premorbid IQ (estimated with the AMNART), sense of humor
(SHQ-6), or alexithymia (TAS-20). Control participants reported significantly higher
happiness scores on the OHQ compared to PD patients, t(18) = 4.31, p < .01.
Table 1: Demographic, clinical, and questionnaire measures.

Age
Education (years)
MoCA
AMNART
SHQ-6
OHQ
TAS-20
Disease Duration
(years)
LED
N-FOG (n = 5)

Control (n=10)
M
SD
67.8
5.12
15.1
1.73
28.8
1.40
116.2
8.54
20.8
2.70
5.06
0.49
40.1
10.16

PD (n=10)
M
SD
71.3
6.55
16.8
1.75
27.2
1.99
117.7
6.22
18.6
2.01
4.17
0.44
43.5
10.70

t-test
-1.33
-2.18
2.08
-0.46
2.07
4.31**
-0.73

Cohen’s D
0.60
0.98
0.93
0.21
0.92
1.93
0.33

—

—

5.7

4.69

—

—

—
—

—
—

621.5
7.6

322.92
8.46

—
—

—
—

Note: Bonferroni-corrected independent t-tests were used to evaluate equality of means.
M = mean; SD = standard deviation; MoCA = Montreal Cognitive Assessment;
AMNART = American version of the Nelson Adult Reading Test; SHQ-6 = six-item
Sense of Humor Questionnaire; OHQ = Oxford Happiness Questionnaire; TAS-20 = 20item Toronto Alexithymia Scale; LED = levodopa equivalent dose; N-FOG = New
Freezing of Gait Questionnaire. **p < .01
Control participants’ ability to correctly identify their medication order was
compared to chance levels with a one sample t-test. This was not significant (t(9) = -0.61,
p = .56), suggesting that controls indeed remained blind to their medication order until
debriefing.

3.1.1

Affective Measures
Depression (BDI-II), anxiety (BAI), and apathy (SAS) for both sessions and

groups are shown in Table 2. A 2 x 2 mixed ANOVA for BDI-II scores demonstrated that
PD patients (M = 11.7, 95% CI [8.39, 15.01]) were significantly more depressed than
controls (M = 1.3, 95% CI [-2.01, 4.61]) , regardless of medication status, F(1,18) =
21.82, p < .001, η2p = .548.
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Similarly, a 2 x 2 mixed ANOVA for BAI scores showed that PD patients (M =
9.35, 95% CI [6.47, 12.23]) were significantly more anxious than controls (M = 0.95,
95% CI [-1.93, 3.83]), regardless of medication status, F(1,18) = 18.83, p < .001, η2p =
.511.
Finally, a 2 x 2 mixed ANOVA for SAS scores revealed a significant two-way
interaction between Group x Medication, F(1,18) = 8.92, p = .008, η2p = .331. This was
mainly driven by a significant simple main effect of Medication for PD patients only
(t(18) = -2.88, p = .01), in which PD patients reported feeling more apathetic ON
medication (M = 16.9, 95% CI [13.69, 20.11] compared to OFF medication (M = 14.1,
95% CI [10.89, 17.31]).
Table 2: Affective measures for PD patients and controls OFF and ON levodopa.

BDI-II
BAI
SAS

Control (n=10)
OFF
ON
1.1 (1.20)
1.5 (1.18)
0.9 (1.45)
1.0 (1.25)
8.5 (4.50)
7.2 (4.05)

PD (n=10)
OFF
ON
12.0 (6.67)
11.4 (7.40)
9.3 (6.07)
9.4 (6.50)
14.1 (5.28)
16.9 (5.59)

Note: Mean values shown with standard deviation in parentheses. BDI-II = Beck
Depression Inventory II; BAI = Beck Anxiety Inventory; SAS = Starkstein Apathy Scale.

3.1.2

Change in Mood over Session
To assess participants’ change in mood over each session, BL-VAS subscale

scores from the beginning of the session were subtracted from the BL-VAS subscale
scores obtained at the end of the session. More positive values represent an increase in a
participant’s mood over the session, whereas negative values represent and decrease in
mood. Data are shown in
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Table 3 for both participant groups and medication state. In all but one case,
participants reported less extreme mood values at the end of the sessions relative to the
beginning of the sessions. Change scores for each of the BL-VAS subscales were entered
into separate 2 x 2 mixed ANOVAs. No significant main or interaction effects of Group
or Medication were found.
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Table 3: Change in mood over session for PD patients and controls OFF and ON
levodopa.
BL-VAS
Subscale
Alertness
Calmness
Contentedness

Control (n=10)
OFF
ON
-6.94 (8.60)
-5.61 (8.90)
-5.75 (10.80) -6.10 (14.04)
-1.85 (3.88) -5.61 (10.35)

PD (n=10)
OFF
ON
-9.73 (18.01)
-6.68 (9.40)
-2.22 (9.73)
3.4 (14.47)
-2.07 (7.41)
-3.16 (9.78)

Note: Mean values shown with standard deviation in parentheses. BL-VAS = Bond &
Lader Visual Analogue Scale.

3.2 Humor Comprehension
Humor comprehension was measured as the percentage of stimuli correctly
categorized as jokes or non-jokes. These data were assessed for outliers above or below 3
x IQR. No extreme values were identified. Data are shown in Table 4.
Table 4: Humor comprehension accuracy and response time (RT) in PD patients
and controls.
Group
Control (n=10)

Medication Ambiguity
OFF

Unambiguous
Ambiguous

ON

Unambiguous
Ambiguous

Patient (n=10)

OFF

Unambiguous
Ambiguous

ON

Unambiguous
Ambiguous

Stimulus
Type
Joke
Non-Joke
Joke
Non-Joke
Joke
Non-Joke
Joke
Non-Joke
Joke
Non-Joke
Joke
Non-Joke
Joke
Non-Joke
Joke
Non-Joke

Mean %
correct
82.5 (12.30)
87.5 (9.79)
84.5 (9.27)
64.5 (13.83)
77.0 (18.74)
89.5 (9.56)
84.0 (11.74)
68.0 (16.19)
85.5 (11.17)
77.0 (18.14)
89.0 (8.10)
53.5 (20.15)
90.0 (13.33)
78.5 (19.44)
86.5 (8.18)
48.0 (14.38)

Mean RT
2600.16 (572.19)
2125.58 (452.74)
2504.10 (606.94)
2498.75 (450.11)
2600.30 (530.34)
2012.80 (446.25)
2400.30 (527.90)
2363.54 (450.80)
2531.07 (430.22)
2377.12 (480.57)
2480.25 (356.11)
2549.48 (324.44)
2532.97 (387.00)
2462.62 (603.84)
2600.11 (428.33)
2685.21 (403.78)

Note: RT = response time. Values in parentheses represent standard deviation.
Data were also examined for time-out instances, in which participants failed to
respond within the 5-second time limit. No participants demonstrated a considerably large
number of missed responses, greater than 3 x IQR (i.e., more than 7.97% of all
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responses). On average, PD patients missed 2.19% of responses, compared to 2.56% of
responses for controls. However, this difference was not statistically significant (t(18) =
0.63, p = .63), suggesting that a response deadline of 5 seconds did not disadvantage
either group.

3.2.1

Percentage of Correct Responses
A 2 x 2 x 2 x 2 mixed ANOVA was conducted to determine the effects of Group

(control vs. PD), Medication (OFF vs. ON), Ambiguity (unambiguous vs. ambiguous),
and Stimulus Type (non-joke vs. joke) on the percentage of correctly categorized stimuli.
The assumption or normality was moderately violated (Glass et al., 1972); all other
ANOVA assumptions were met. The ANOVA revealed a significant main effect of
Stimulus Type (F(1,18) = 17.04, p < .001, η2p = .486), in which jokes (M = 84.88, 95%
CI [80.22, 89.53]) were correctly categorized more often than non-jokes (M = 70.81, 95%
CI [66.15, 75.47]). A significant main effect of Ambiguity was also found (F(1,18) =
44.33, p < .001, η2p = .711), where unambiguous stimuli (M = 83.44, 95% CI [79.84,
87.03]) were categorized correctly more often than ambiguous stimuli (M = 72.25, 95%
CI [68.66, 75.84]). These main effects were qualified by a two-way interaction between
Stimulus Type x Ambiguity F(1,18) = 64.43, p < .001, η2p = .782 (Figure 5). There was a
simple main effect of Stimulus Type for ambiguous stimuli only (t(26.22) = 7.25, p <
.001), in which ambiguous jokes (M = 86.00, 95% CI [80.82, 91.18]) were categorized
correctly more often than ambiguous non-jokes (M = 58.50, 95% CI [53.32, 63.68]).
Furthermore, a simple main effect of Ambiguity was found for non-joke stimuli, where
ambiguous non-jokes were categorized incorrectly significantly more often than
unambiguous non-jokes (M = 83.13, 95% CI [77.94, 88.31]), t(36) = -10.38, p < .001. In
other words, participants, regardless of medication status, were more likely to incorrectly
categorize non-joke stimuli as having humorous intent when these stimuli contained
ambiguous words.
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Figure 5: Comprehension accuracy is decreased for ambiguous non-joke stimuli.
Humor comprehension was evaluated as the percentage of correctly categorized joke and
non-joke stimuli. Participants, regardless of group or medication status, were worse at
correctly categorizing ambiguous non-jokes. Error bars represent standard error of the
mean. ***p < .001
Furthermore, a significant two-way interaction between Group x Stimulus Type
emerged, F(1,18) = 7.68, p = .013, η2p = .299 (Figure 6). Simple effects analysis
demonstrated that the main effect of Stimulus Type was only significant for PD patients
(t(18) = 4.88, p < .001), and was not significant for controls (t(18) = 0.96, p = .35). In
other words, PD patients correctly categorized more jokes (M = 87.75, 95% CI [81.16,
94.34]) than non-jokes (M = 64.25, 95% CI [57.66, 70.84]), but no such difference was
observed in controls. Furthermore, PD patients had a significantly lower comprehension
score for non-jokes compared to the control group (M = 77.38, 95% CI [70.79, 83.96]),
regardless of medication status or stimulus ambiguity, t(35.64) = 2.86, p = .007. In other
words, PD patients were more likely to erroneously categorize a non-joke stimulus as a
joke than vice versa, and were also more likely to do so than controls. There were no
significant three- or four-way interactions in this model.
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Figure 6: Comprehension accuracy is decreased in PD patients for non-joke stimuli.
Humor comprehension was evaluated as the percentage of correctly categorized joke and
non-joke stimuli. PD patients were worse at successfully categorizing auditory stimuli
with no humorous intent as non-jokes. Error bars represent standard error of the mean.
**p < .01, ***p < .001
A follow-up exploratory analysis was performed in which we investigated whether
the aforementioned Group x Stimulus Type effect would be maintained for unambiguous
stimuli only, because both groups of participants had difficulty comprehending
ambiguous non-joke stimuli. A 2 x 2 x 2 mixed ANOVA was conducted using humor
comprehension accuracy (% correct) for unambiguous stimuli only. A significant Group x
Stimulus Type interaction was indeed found, F(1,18) = 5.41, p = .032, η2p = .231. This
was qualified by a significant simple main effect of Group for unambiguous non-joke
stimuli (t(34.55) = 2.07, p = .05), in which PD patients were significantly worse at
categorizing unambiguous non-jokes (M = 77.75, 95% CI [70.29, 85.21]) than controls
(M = 88.50, 95% CI [81.04, 95.96]).
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3.2.2

Responding Bias for Incorrect Non-Jokes
In order to clarify whether the Group x Stimulus Type interaction described above

was due to reduced comprehension (i.e., inability to distinguish humorous intent) or
increased humor appreciation (i.e., a tendency to find more stimuli amusing) in PD
patients, we evaluated the responding bias for incorrect non-jokes. Similar to Campbell et
al. (2015), we evaluated the number of non-jokes incorrectly classified in the “Joke –
Funny” and “Joke – Not Funny” categories. For each participant, the difference between
“Joke – Funny” and “Joke – Not Funny” responses for non-joke stimuli was normalized
by dividing by the number of total incorrect non-joke stimuli. More negative values
represented a bias toward decreased humor comprehension (i.e., more “Joke – Not
Funny” responses) whereas more positive values represented a bias toward increased
humor appreciation (i.e., more “Joke – Funny” responses). A 2 x 2 x 2 mixed ANOVA
was conducted (all ANOVA assumptions were met), which yielded no significant main or
interaction effects for Group, Medication, or Ambiguity. Furthermore, a one-sample t-test
found that the average normalized difference value was not significantly different than 0,
which suggests that our participants, regardless of group, had no systematic bias in their
incorrect categorization of non-jokes. In other words, on trials where non-jokes were
incorrectly categorized, participants chose the “Joke – Funny” and “Joke – Not Funny”
categories at levels equal to chance.

3.2.3

Response Time (RT)
The time to make a categorization response (in msec) was also used as a measure

of humor comprehension. These data were assessed for outliers above or below 3 x IQR.
No extreme values were identified.
Data were entered into a 2 x 2 x 2 x 2 mixed ANOVA. All ANOVA assumptions
were met. A significant main effect of Stimulus Type emerged (F(1,18) = 7.82, p = .012,
η2p = .303) in which participants responded to non-jokes (M = 2384.39, 95% CI [2213.24,
2555.53]) more quickly than to jokes (M = 2531.16, 95% CI [2360.01, 2702.31]). A main
effect of Ambiguity was also found, as participants responded more quickly to
unambiguous stimuli (M = 2405.33, 95% CI [2237.00, 2573.65]) compared to ambiguous
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stimuli (M = 2510.22, 95% CI [2341.89, 2678.54]). These main effects were qualified by
an Stimulus Type x Ambiguity interaction, F(1,18) = 9.75, p = .006, η2p = .351 (Figure 7).
A simple main effect of Stimulus Type was revealed for unambiguous stimuli only
(t(35.85) = 4.19, p < .001), suggesting that participants were quicker in responding to
unambiguous non-jokes (M = 2244.53, 95% CI [2061.81, 2427.25]) compared to
unambiguous jokes (M = 2566.13, 95% CI [2383.41, 2748.85]). Furthermore, there was a
simple main effect of Ambiguity for non-joke stimuli (t(32.68) = 4.06, p < .001), in which
participants responded more quickly to unambiguous non-jokes compared to ambiguous
non-jokes (M = 2524.24, 95% CI [2341.52, 2706.96]).

Figure 7: Participants categorized unambiguous non-jokes faster than other stimuli.
Average response time (RT) in milliseconds (msec) to categorize ambiguous and
unambiguous joke and non-joke stimuli. Unambiguous non-jokes were categorized
significantly quicker than other stimulus types. Error bars represent standard error of the
mean. ***p < .001
A Group x Stimulus Type interaction also emerged, F(1,18) = 6.07, p = .024, η2p
= .252 (Figure 8). A simple main effect of Stimulus Type for control participants was
found (t(18) = 3.72, p = .002), in which controls responded to non-joke stimuli (M =
2250.17, 95% CI [2008.13, 2492.21]) more quickly than to joke stimuli (M = 2526.22,
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95% CI [2284.18, 2768.26]). The simple main effect of Stimulus Type for PD patients
was not significant, t(18) = -17.49, p = .82. There were no significant three- or four-way
interactions in this model.

Figure 8: Controls are faster at categorizing non-joke stimuli compared to joke
stimuli.
Average response time (RT) in milliseconds (msec) to categorize jokes and non-jokes for
control and PD patient participants. Control participants were significantly quicker at
making responses for non-jokes. Error bars represent standard error of the mean. ***p <
.001

3.2.4

Relationship with Clinical Measures
A multiple linear regression was conducted to determine whether disease duration,

levodopa equivalent dose (LED), or freezing of gait (assessed by the N-FOG) would
predict humor comprehension ability in our PD patient group. The model explained
78.92% of the variance and significantly predicted humor comprehension ability F(3,6) =
7.489, p = .02). N-FOG score contributed significantly to the model (B = -1.04, p = .021),
whereas disease duration (B = 0.33, p = .44) and LED (B = .005, p = .53) did not.
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3.2.5

Relationship with Demographic and Questionnaire Measures
Multiple linear regression was used to determine whether age, years of education,

cognitive ability (MoCA), estimated premorbid IQ (AMNART), happiness (OHQ),
alexithymia (TAS-20), or sense of humor (SHQ-6) would predict humor comprehension
ability across all participants. The resulting model was not significant (F(7,12) = 2.25, p =
.10), but did account for 56.77% of the variance. SHQ score contributed significantly to
the model (B = 1.63, p = .04), but none of the other predictor variables demonstrated a
significant contribution.

3.2.6

Relationship with Affective Measures
A multiple linear regression analysis was conducted to determine whether BDI-II,

BAI, or SAS scores (averaged across both sessions) would predict humor comprehension
ability for all participants. The resulting model was not significant (F(3,16) = 0.90, p =
.46), only explaining 14.4% of the variance.

3.3 Humor Appreciation
Average funniness ratings from the 4-point Likert-type scale response were used
as a measure of humor appreciation. These data represent subjective amusement in
response to each stimulus, regardless of humorous intent. These data were assessed for
outliers above or below 3 x IQR. No extreme values were identified. Data are shown in
Table 5.
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Table 5: Funniness ratings and reaction time (RT) by PD patients and controls.
Group

Medication Ambiguity

Control (n=10)

OFF

Unambiguous
Ambiguous

ON

Unambiguous
Ambiguous

Patient (n=10)

OFF

Unambiguous
Ambiguous

ON

Unambiguous
Ambiguous

Stimulus
Type
Joke
Non-Joke
Joke
Non-Joke
Joke
Non-Joke
Joke
Non-Joke
Joke
Non-Joke
Joke
Non-Joke
Joke
Non-Joke
Joke
Non-Joke

Mean
Rating
2.24 (0.33)
1.09 (0.13)
2.30 (0.37)
1.30 (0.19)
2.11 (0.51)
1.09 (0.09)
2.15 (0.36)
1.25 (0.18)
2.12 (0.54)
1.22 (0.27)
2.21 (0.45)
1.47 (0.37)
2.30 (0.50)
1.21 (0.32)
2.21 (0.45)
1.43 (0.32)

Mean RT
2158.92 (572.19)
1852.58 (452.74)
2056.26 (606.94)
1894.47 (450.11)
2287.78 (530.34)
1952.02 (446.25)
2105.39 (52.90)
1863.93 (450.80)
2264.31 (430.22)
2159.43 (480.57)
2324.23 (356.11)
2374.02 (324.44)
2423.38 (387.00)
2318.34 (603.84)
2387.55 (428.33)
2315.13 (403.78)

Note: RT; reaction time. Values in parentheses represent standard deviation.
Data were also examined for time-out instances, in which participants failed to
respond within the 5-second time limit. Once again, there were no participants identified
who demonstrated a considerable number of missed trials, above 3 x IQR (i.e., more than
6.09% of all responses). On average, PD patients missed 1.56% of responses, compared
to 1.44% of responses for controls. This difference was not significant (t(18) = -0.15, p =
.88), suggesting that a response deadline of 5 seconds did not disadvantage either group.

3.3.1

Funniness Rating
A 2 x 2 x 2 x 2 mixed ANOVA was conducted to investigate the effects of Group

(control vs. PD), Medication (OFF vs. ON), Ambiguity (unambiguous vs. ambiguous),
and Stimulus Type (non-joke vs. joke) on funniness ratings. The assumption or normality
was moderately violated (Glass et al., 1972); all other ANOVA assumptions were met.
The ANOVA revealed a significant main effect of Stimulus Type, F(1,18) = 165.30, p <
.001, η2p = .902. Jokes (M = 2.21, 95% CI [2.06, 2.36]) were rated as more funny than
non-jokes (M = 1.26, 95% CI [1.11, 1.41]), confirming that across participant groups and
medication state, and regardless of whether the stimuli were ambiguous or not, our
humorous stimuli indeed elicited humor appreciation responses. A significant main effect
49

of Ambiguity was also found (F(1,18) = 15.13, p < .001, η2p = .457), in which ambiguous
stimuli were rated funnier (M = 1.79, 95% CI [1.66, 1.93]) than unambiguous stimuli (M
= 1.67, 95% CI [1.54, 1.81]). However, a significant two-way interaction was found
between Stimulus Type x Ambiguity (F(1,18) = 9.87, p = .006, η2p = .354), suggesting
that the main effect of Ambiguity only held for non-joke stimuli (Figure 9). Specifically,
ambiguous non-jokes (M = 1.37, 95% CI [1.21, 1.52]) were rated significantly funnier
than unambiguous non-jokes (M = 1.15, 95% CI [1.00, 1.31]), t(35.97) = 4.98, p < .001.

Figure 9: Ambiguous non-jokes rated funnier than unambiguous non-jokes.
Humor appreciation was measured as the average funniness rating on a 4-point Likerttype scale (1 = not funny at all, 2 = mildly funny, 3 = moderately funny, 4 = extremely
funny). Across stimuli, jokes were rated significantly more funny than non-jokes.
Furthermore, ambiguous non-joke stimuli were rated by participants, regardless of
medication status, to be funnier than unambiguous non-joke stimuli. Error bars represent
standard error of the mean. ***p < .001
A significant two-way interaction between Group x Medication was found,
F(1,18) = 5.06, p = .037, η2p = .219. However, this was qualified by a significant threeway Group x Medication x Stimulus Type interaction, F(1,18) = 4.58, p = .046, η2p = .203
(Figure 10). The simple interaction effect of Group x Medication was significant for jokes
(F(1,18) = 8.72, p = .009, η2p = .326), but not for non-jokes. This suggests that the effect
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of levodopa on the appreciation of humorous jokes was different for each group. A
follow-up analysis evaluated the effect of Medication for each Group, but only for jokes.
This revealed a significant simple main effect of Medication for controls (t(18) = 2.55, p
= .02), but not for PD patients (t(18) = -1.63, p = .12). Specifically, controls ON
medication had significantly lower humor appreciation ratings (M = 2.13, 95% CI [1.86,
2.41]) compared to controls OFF medication (M = 2.27, 95% CI [1.99, 2.54]). Altogether,
this suggests that levodopa medication suppressed the appreciation of joke stimuli in
control participants. No other significant three- or four-way interactions were found in the
model.

Figure 10: Controls ON levodopa experience decreased humor appreciation for
jokes.
Humor appreciation was measured as the average funniness rating on a 4-point Likerttype scale (1 = not funny at all, 2 = mildly funny, 3 = moderately funny, 4 = extremely
funny). Control participants demonstrated decreased humor appreciation while ON
levodopa, but only for joke stimuli. Error bars represent standard error of the mean.
*p < .05

3.3.2

Responding Bias for Correct Jokes
Humor appreciation was also evaluated as the number of correctly identified jokes

categorized as “Funny” compared to correct jokes categorized as “Not Funny”. Again, the
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difference between “Funny” jokes and “Not Funny” jokes was normalized by dividing by
the total number of correctly categorized jokes. More positive values reflect a bias toward
choosing the “Funny” category, whereas more negative values reflect a bias toward the
“Not Funny” category. A 2 x 2 x 2 mixed ANOVA was conducted to determine the
effects of Group (control vs. PD), Medication (OFF vs. ON), or Ambiguity (unambiguous
vs. ambiguous) on these bias scores. The assumption or normality was moderately
violated (Glass et al., 1972); all other ANOVA assumptions were met. The ANOVA
revealed a main effect of Ambiguity, F(1,18) = 10.19, p = .005, η2p = .362. Participants
across groups and medication state demonstrated a bias toward categorizing ambiguous
jokes as “Funny” (M = 0.51, 95% CI [0.33, 0.70]) more often than unambiguous jokes (M
= 0.37, 95% CI [0.18, 0.56]).

3.3.3

Response Time (RT)
Participants’ average time to make a funniness rating response (in msec) was also

examined. These data were assessed for outliers above or below 3 x IQR. No extreme
values were identified.
A 2 x 2 x 2 x 2 mixed ANOVA was conducted to examine the effects of Group (PD
vs. control), Medication (ON vs. OFF), Ambiguity (ambiguous vs. unambiguous), and
Stimulus Type (joke vs. non-joke) on funniness rating RT. The assumption or normality
was moderately violated (Glass et al., 1972); all other ANOVA assumptions were met.
We found a significant main effect of Stimulus Type (F(1,18) = 14.10, p = .001, η2p =
.439), in which non-jokes (M = 2091.24, 95% CI [1922.98, 2259.50]) were rated
significantly faster than jokes (M = 2250.98, 95% CI [2082.72, 2419.24]). This was
qualified by a significant Group x Stimulus Type interaction, F(1,18) = 5.70, p = .028, η2p
= .241 (Figure 11). The simple main effect of Stimulus Type was only significant for
control participants (t(18) = 4.34, p < .001), but not for PD patients (t(18) = -58.14, p =
.35). Specifically, control participants were much quicker to rate non-joke stimuli (M =
1890.75, 95% CI [1652.80, 2128.70]) compared to joke stimuli (M = 2152.09, 95% CI
[1914.13, 2390.04]). In addition, a simple main effect of Group emerged for non-joke
stimuli (t(20.66) = -2.48, p = .022), suggesting that control participants rated non-joke
stimuli more quickly than PD patients (M = 2291.73, 95% CI [2053.78, 2529.68]).
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Figure 11: Controls were quicker to give funniness ratings for non-joke stimuli.
Average response time (RT) in milliseconds (msec) to rate the funniness of joke and nonjoke stimuli for control and PD patient participants. Control participants were
significantly quicker at rating non-joke stimuli compared to joke stimuli, and were also
quicker to rate non-jokes stimuli than PD patients. Error bars represent standard error of
the mean. *p < .05, ***p < .001
Furthermore, a significant Ambiguity x Stimulus Type interaction emerged,
F(1,18) = 4.57, p = .047, η2p = .202 (Figure 12). A significant simple main effect of
Stimulus Type was found for both unambiguous (t(29.06) = 4.32, p < .001) and
ambiguous stimuli (t(29.06) = 2.16, p = .04), although the strength of this effect differed.
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Figure 12: Non-jokes rated more quickly for both unambiguous and ambiguous
stimuli.
Average response time (RT) in milliseconds (msec) to rate the funniness of joke and nonjoke stimuli for control and PD patient participants. Non-jokes were rated more quickly
than jokes, but the strength of this relationship differed for unambiguous and ambiguous
stimuli. Error bars represent standard error of the mean. *p < .05, ***p < .001
A significant Group x Ambiguity interaction was also found, F(1,18) = 4.47, p =
.049, η2p = .199 (Figure 13). A significant simple main effect of Group for ambiguous
stimuli was found (t(19.66) = -2.32, p = .031), in which control participants (M =
1980.01, 95% CI [1744.46, 2215.57]) were quicker to provide funniness ratings for
ambiguous stimuli compared to PD patients (M = 2350.24, 95% CI [2114.68, 2585.79]),
t(19.66) = -2.32, p = .03.
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Figure 13: Controls were quicker to make funniness ratings for ambiguous stimuli
compared to PD patients.
Average response time (RT) in milliseconds (msec) to rate the funniness of joke and nonjoke stimuli for control and PD patient participants. Control participants were
significantly quicker at rating ambiguous stimuli compared to PD patients. Error bars
represent standard error of the mean. *p < .05

3.3.4

Relationship with Clinical Measures
Multiple linear regression was used to determine whether disease duration,

levodopa equivalent dose (LED), or freezing of gait (assessed by the N-FOG) would
predict humor appreciation in our PD patient group. The model was unable to
significantly predict humor appreciation responses, F(3,6) = 2.88, p = .13, but did account
for a large proportion of the variance (r2 = .59).

3.3.5

Relationship with Demographic and Questionnaire Measures
A multiple linear regression was conducted to determine whether age, years of

education, cognitive ability (MoCA), estimated premorbid IQ (AMNART), happiness
(OHQ), alexithymia (TAS-20), or sense of humor (SHQ-6) would predict funniness
ratings across all participants. The resulting model was marginally significant (F(7,12) =
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2.52, p = .07) and accounted for 59.53% of the variance. MoCA (B = -0.08, p = .04) and
SHQ-6 scores (B = -0.08, p = .008) were significant predictors of funniness rating.

3.3.6

Relationship with Affective Measures
Finally, a multiple linear regression was conducted to determine whether depression

(BDI-II), anxiety (BAI), or apathy (SAS) could predict humor appreciation for all
participants. The resulting model was not significant (F(3,16) = 1.32, p = .30) and only
accounted for 19.87% of the variance.
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Chapter 4

4

Discussion
The present study represents, to our knowledge, the first investigation of verbal

humor comprehension and appreciation in PD. PD patients and age-matched healthy
controls completed a humor processing task that distinguished between humor
comprehension (i.e., ability to identify humorous intent) and humor appreciation (i.e.,
subjective amusement in response to humorous stimuli) while ON and OFF levodopa
medication. We aimed to determine whether PD patients experienced deficits in humor
comprehension, particularly while OFF levodopa, compared to controls, and whether
levodopa medication would have a negative effect on humor appreciation in both groups.
In brief, we found that PD patients demonstrated reduced humor comprehension for nonjokes, that is, they more often erroneously identified humorous intent when none was
actually present. We also found that control participants found jokes less funny while ON
levodopa medication. Taken together, these results suggest that PD patients have deficits
in DS-mediated humor comprehension and that VS-mediated humor appreciation is
vulnerable to dopamine overdose via levodopa in healthy elderly controls. This study
represents an important first step in identifying humor processing deficits related to PD,
and provides a foundation for future studies to further investigate these effects.

4.1 Demographic, clinical, and questionnaire measures
A significant difference was identified between PD and control groups for OHQ
scores (Table 1). Specifically, controls had higher OHQ scores than PD patients,
indicating greater life happiness. However, this group difference did not appear to have a
meaningful influence on the results of the present study, as there was no significant
relationship between OHQ scores with any of our outcome measures.
Interestingly, there was no significant group difference in sense of humor (Table
1), despite previous evidence suggesting that PD patients have a decreased sense of
humor compared to controls (Thaler et al., 2012). However, we did observe a trend in
which PD patients had lower SHQ-6 scores (M = 18.6) than controls (M = 20.8), with a
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large effect size (Cohen’s d = 0.92). Future, well-powered studies should aim to replicate
this effect.

4.1.1

Higher depression, anxiety, and apathy in PD patients
PD patients demonstrated significantly higher levels of depression, measured with

the BDI-II, than control participants (Table 2). This was not an unexpected finding, as
depression affects nearly one-quarter of PD patients (Goodarzi et al., 2016). However, the
average BDI-II score for PD patients was 11.7, which is below the recommended cut-off
score of 13 for mild depression (Beck et al., 1996). Therefore, although our PD patient
sample was significantly more depressed than our control group, they did not demonstrate
clinically significant levels of depression. Although several previous studies have
established a relationship between depression and the use of particular humor styles (e.g.,
Ibarra-Rovillard & Kuiper, 2011; Rnic et al., 2016), there is currently little evidence
available as to whether depression affects humor comprehension or appreciation. To our
knowledge, the only study investigating a possible relationship between humor
comprehension and depression was conducted by Uekermann et al. (2008). The authors
demonstrated that patients diagnosed with major depression perform worse than healthy
controls on a humor comprehension task in which they were asked to choose the
appropriate punch line ending for a given joke set-up. The patient group also rated the
correct and slapstick punch line endings as less humorous than the control group. These
data suggest that major depression could lead to deficits in humor comprehension and
reduced humor appreciation. However, it is not known whether these results could extend
to those with milder (i.e., subclinical) depression.
Our PD patient group also demonstrated significantly greater anxiety than healthy
controls, as measured with the BAI (Table 2). Again, this was not unexpected, as anxiety
reportedly affects approximately one-third of PD patients (Mele et al., 2018). The average
BAI score for PD patients was 9.4, which falls within the lower range of mild anxiety
(i.e., 8-15), but below the cut-off of 16 for clinical anxiety (Beck et al., 1988). Similar to
depression, the relationship between anxiety and humor comprehension and appreciation
has received relatively little attention. Doris and Fierman (1956) found that participants
with high levels of anxiety tend to approve less of cartoons depicting aggressive humor
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than participants with low anxiety. The groups did not differ in their understanding of the
cartoons, indicating that anxiety might affect humor appreciation, but not comprehension.
Schick et al. (1972) also found that participants with high anxiety tended to give higher
funniness ratings to familiar “Peanuts” comic strips and lower ratings to unfamiliar comic
strips with novel characters, compared to controls with low anxiety. Taken together, these
data suggest that anxiety’s effect on humor appreciation might depend on the style of
humor, as well as the individual’s previous exposure to a humorous stimulus.
Finally, our PD patients reported greater apathy, measured with the SAS, both
while ON medication compared to OFF medication and compared to our control group
(Table 2). PD patients ON medication had an average SAS score of 16.9, which meets the
cut-off of ≥ 14 for clinical apathy (Starkstein et al., 1992). PD patients also met this cutoff while OFF medication, with an average SAS score of 14.1. This was not an
unexpected finding, as apathy is present in approximately one-third of PD patients (Mele
et al., 2019). Apathy is only recently being recognized as its own distinct condition,
separate from other disorders such as depression (Kirsch-Darrow et al., 2011; Levy et al.,
1998; Marin, 1991). There is currently no research on whether apathy affects humor
comprehension or appreciation. However, apathy has been shown to negatively affect
various cognitive abilities in the elderly, including attention, processing speed, verbal
fluency, and memory (Montoya-Murillo et al., 2019), and has been associated with worse
cognitive function and greater risk for dementia in PD (Dujardin et al., 2009; Varanese et
al., 2011).

4.2 Humor Comprehension
4.2.1

PD patients erroneously categorize non-jokes as jokes
For humor comprehension (i.e., percentage of jokes and non-jokes correctly

categorized as such), PD patients demonstrated significantly worse categorization
accuracy for non-jokes compared to jokes, as well as compared to controls’ non-joke
performance (Figure 6). In other words, PD patients incorrectly categorized non-jokes as
having humorous intent when none was actually present. Interestingly, non-joke
comprehension deficits have also been found in other studies. For example, Samson and
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Hegenloh (2010) had individuals with Asperger syndrome indicate whether or not they
understood the humorous component of various cartoon jokes and non-joke control
stimuli. Surprisingly, these participants sometimes indicated that they understood the
humor in the non-joke control pictures. The authors suggest that this could have been due
to a social desirability bias induced by participants’ knowledge and awareness that they
were taking part in a humor processing study. This could partially explain our findings
that PD patients had more non-joke errors. Specifically, PD patients might have been
more likely to categorize stimuli that they could not comprehend as jokes either a)
because they were expecting to hear jokes in the study, or b) wanted to appear as though
they had a sense of humor, which is a socially desirable trait. If the stimulus in question
was actually a joke, this would be marked as a correct response and falsely inflate the
participant’s joke comprehension score. However, if the stimulus was actually a non-joke,
their socially desirable response would decrease their comprehension score for non-jokes.
That this could have happened in the present study is plausible and supported by a
nonsignificant trend for PD patients to have higher comprehension accuracy for jokes
compared to controls.
In a similar study by Chau (2010), participants with right frontal pole and OFC
lesions were asked to indicate whether or not they understood auditory jokes and puns.
The lesion group made more false-positive responses, that is, they were more likely than
controls to indicate that they understood non-jokes. Chau (2010) contends that these
patients must have a reduced threshold for joke detection as a result of their lesions, and
that the right PFC might play a role in determining what constitutes a joke. PD patients
with left-side symptom onset (i.e., greater right hemisphere degeneration) have been
reported to have worse cognitive symptom severity compared to those with right-side
symptom onset (Bentin et al., 1981; Holtgraves et al., 2010; Tomer et al., 1993).
Therefore, it is possible that PD patients with left-side symptom onset could show a
reduced threshold for joke detection, similar to patients with RHD. In the present study,
only 4 of our PD patients had left-side symptom onset, which prevented us from
conducting statistical analyses with sufficient power to draw conclusions regarding the
effect of side of symptom onset. Future research with larger sample sizes able to stratify
PD patients by affected side could investigate whether humor comprehension deficits are
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specific to left-side symptom onset. However, laterality of symptom onset in PD does not
necessarily equate to clean hemispheric lesions, and therefore might not affect humor
comprehension in such a drastic way as RHD.
Finally, Campbell et al. (2015) also found that when evaluating joke and non-joke
cartoons, healthy participants made more classification errors for non-jokes. In order to
clarify whether this was due to reduced humor comprehension or increased humor
appreciation, Campbell et al. (2015) evaluated the median number of incorrect non-joke
responses that were categorized as funny jokes or unfunny jokes. They found that of the
non-jokes that were misclassified, more tended to be categorized as unfunny jokes, and
took this to reflect humor comprehension errors rather than increased humor appreciation
responses.
Similar to Campbell et al. (2015), we investigated whether participants had a
responding bias for non-joke errors. Instead of comparing median responses, we used
normalized difference scores to determine participants’ tendency to incorrectly categorize
a non-joke as either a funny joke or an unfunny joke. No differences were found between
groups or medication status, and there was no difference in responding bias between
ambiguous and unambiguous non-joke errors. Participants in both groups seemed to make
these non-joke categorization errors at random. This reveals an important limitation to the
trichotomous response methodology proposed by Campbell et al. (2015) that was used in
the present study. Although using three response options (“Joke – Funny”, “Joke – Not
Funny”, and “Not a joke”) allows us to distinguish between humor comprehension and
appreciation, the chances of participants choosing a “joke” response is inherently inflated.
If a participant responded completely at random, they would be twice as likely to choose
one of the two joke categories over the non-joke category. Because we used an equal
number of joke and non-joke stimuli, a participant responding completely at random
would therefore get more joke stimuli correct and more non-joke stimuli incorrect. For
this reason, and due to the lack of responding bias toward the “Joke – Funny” category
for non-joke errors, we interpret the increased number of non-joke errors in our PD group
to reflect reduced humor comprehension, rather than increased humor appreciation.
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PD patients’ deficit in humor comprehension for non-jokes did not seem to be
worse for stimuli containing ambiguous words (i.e., puns), as originally predicted.
Instead, both groups demonstrated worse humor comprehension for ambiguous non-jokes
(Figure 5). In other words, non-jokes containing ambiguous words (i.e., double meanings)
were often erroneously thought to contain humorous intent when none was actually
present. Recalling that puns simultaneously invoke both meanings of an ambiguous word,
this could represent a flaw in our methodology in which ambiguous non-jokes failed to
provide enough context for participants to settle on a single meaning of the ambiguous
word. However, our exploratory analysis of humor comprehension using only
unambiguous stimuli found that the Group x Stimulus Type interaction remained
significant, and that PD patients remained worse at categorizing unambiguous non-jokes
compared to controls. It is also possible that we have identified an effect of aging on the
processing of ambiguous jokes and non-jokes, and that due to our small sample size, we
were underpowered to tease out any additional effect of PD on the processing of
ambiguous stimuli. Indeed, age has been shown to affect humor comprehension abilities
(Greengross, 2013; Mak & Carpenter, 2007; Schaier & Cicirelli, 1976; Shammi & Stuss,
2003). Future research could investigate how aging and PD independently affect
ambiguous joke/non-joke processing by including young healthy controls in a similar
study.

4.2.2

Controls respond faster to non-jokes compared to jokes, but
PD patients do not
Analysis of humor comprehension RT revealed that control participants made

categorization responses more quickly for non-jokes compared to jokes (Figure 8). This
finding is corroborated by other studies that have also found an effect of faster RT for
non-joke stimuli. For example, Mobbs et al. (2003) found that healthy participants were
quicker to respond as to whether they found a cartoon stimulus funny or not funny when
that stimulus was non-humorous. Goel and Dolan (2001) found similar results for verbal
joke stimuli. Vaid et al. (2003) investigated the time-course of humor comprehension by
measuring participants’ RTs to words that were semantically related to the initial
interpretation of a joke, or to the true joke meaning. Participants demonstrated greater
priming (i.e., shorter RTs) to the initial interpretation word after only hearing the set-up
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of the joke. During the incongruity detection phase of the joke, there was a sudden
priming of an additional, humorous interpretation. From this, it can be inferred that
participants might respond quicker to non-jokes because they do not require the activation
and interpretation of a secondary meaning of the stimulus. This is corroborated by our
finding that across participants, unambiguous non-jokes, in particular were categorized
more quickly than other stimulus types (Figure 7). This is the only type of stimulus that
does not require any re-interpretation, and thus would lead to quicker RTs overall.
However, not all studies have reported RT facilitation for non-jokes. For example,
Samson et al. (2008) found that participants were quicker to respond whether they found
a cartoon funny or not funny when the stimulus was a pun, compared to a non-joke
baseline. In fact, the non-joke baseline had the longest average RT. However, these nonjoke baselines contained “irresolvable incongruity”, which could have required
participants to make more attempts at resolving the incongruity before accepting that the
stimulus was a non-joke, thus taking longer to make their response. Other studies have
also found that participants are quicker to respond to jokes compared to non-jokes
(Bartolo et al., 2006; Cunningham & Derks, 2005).
Although control participants revealed the expected pattern, categorizing non-joke
faster than joke stimuli (Mobbs et al., 2003), PD patients showed no RT advantage for
non-jokes relative to jokes. That is, interestingly, our PD patient group had nearly
identical mean RTs for joke and non-joke stimuli. It is unlikely that this is the result of
motor difficulties (e.g., bradykinesia), as the PD group did not demonstrate significantly
slower responses for joke stimuli compared to controls, and there were no significant ONOFF effects on RTs for joke or non-joke stimuli for PD patients. Although bradykinesia is
a cardinal feature of PD, our results are not entirely surprising as PD patients frequently
demonstrate similar response latencies in the ON and OFF states, and/or relative to
control participants when simple oral or manual responses (e.g., button presses or reaches
toward a target) are required (e.g., Merritt et al., 2017; X. Q. Yang et al., 2018), as was
the case in the present study.
However, PD patients’ lack of an expected facilitation in RTs for non-joke
compared to joke stimuli could provide further evidence of humor comprehension
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difficulties in PD, mirroring our accuracy findings wherein PD patients categorized nonjoke stimuli more poorly than controls and less correctly than they categorized joke
stimuli. Non-joke stimuli have a singular meaning; even those that contain ambiguous
words require the listener to settle on a singular interpretation of the content
(Bekinschtein et al., 2011). This has been offered to account for the latency advantage for
non-jokes relative to jokes (Vaid et al., 2003). We speculate that PD patients might have
had more difficulty activating or selecting the appropriate meaning for non-jokes. This is
corroborated by our finding that PD patients had significantly reduced non-joke accuracy.
Indeed, studies have shown that PD patients demonstrate delayed spreading activation
during lexical processing tasks (Angwin et al., 2009; Arnott et al., 2001), which might
suggest that these patients have difficulty accessing appropriate and alternate meanings of
a stimulus. In other words, PD patients in the present study might have had more trouble
accessing the intended interpretation of non-joke stimuli, which could have contributed to
relatively longer RTs than expected, in line with the more error-prone categorization.
However, as this notion is based on non-significant results, it must be confirmed in future,
well-powered studies.

4.2.3

Implications for a humor comprehension deficit in PD
In the present study, PD patients demonstrated a humor comprehension deficit for

verbal humor, which took the form of reduced accuracy in identifying instances where
humor was not actually present. Medication status (ON or OFF levodopa) did not affect
PD patients’ humor comprehension performance, and comprehension was no worse for
pun stimuli (i.e., ambiguous jokes), contrary to what was originally predicted.
Furthermore, PD patients demonstrated a lack of RT facilitation for non-joke stimuli
though controls showed the expected RT advantage for non-joke stimuli. We interpret
this pattern of latencies in PD patients as further evidence of a humor comprehension
deficit. These data also suggest that the humor comprehension deficit observed here
might reflect difficulty activating or selecting an appropriate and alternate meanings for
verbal stimuli, causing patients to fail to identify non-humorous interpretations for nonjoke stimuli.
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Degeneration of the SNc and subsequent DS dysfunction seems to cause
reductions in information processing speed and working memory (Cooper et al., 1994;
Gabrieli et al., 1996; Jokinen et al., 2013; S. J. G. Lewis et al., 2005; Revonsuo et al.,
1993), which has been directly related to language comprehension deficits in PD
(Grossman, 1999; Lee et al., 2003; McKinlay et al., 2009; Monetta et al., 2008; Monetta
& Pell, 2007). Specifically, PD patients experience difficulties comprehending complex
sentences, particularly in the OFF medication state (Grossman et al., 2001; Johari et al.,
2019; Papagno et al., 2013). The present study identified a deficit for non-joke
comprehension in PD patients. This could be related to more general sentence
comprehension deficits, but does not explain why PD patients were able to comprehend
humorous stimuli, which are arguably more linguistically complex than the non-joke
stimuli.
Furthermore, PET studies have demonstrated that PD patients’ language
comprehension deficit is associated with reduced activity in the ACC and left frontal
cortex, which are normally activated in healthy controls during sentence processing
(Grossman et al., 1992, 1993). fMRI studies have also showed that PD patients have
significantly less activity in the left caudate, left MFG, and right posterolateral temporal
cortex during complex sentence comprehension (Grossman et al., 2003; Ye et al., 2012).
These areas overlap with those involved in humor processing (Martin & Ford, 2018),
suggesting that PD patients’ deficits in complex sentence processing might implicate a
deficit in verbal humor comprehension. Neuroimaging studies in PD patients during
humor processing are needed to clarify these precise mechanisms.
PD patients also demonstrate delays in semantic activation resulting in deficits in
ambiguity processing, which is especially pronounced while OFF medication (Angwin et
al., 2009; Papagno et al., 2013; Pederzolli et al., 2008). In the present study, we did not
find support for our original prediction that PD patients would show increased
comprehension deficits for puns compared to non-puns. However, studies that have
stratified PD patients into separate groups with and without mild cognitive impairment
(MCI) have found that only the group with MCI experienced difficulty processing
sentences with ambiguities (Berg et al., 2003; F. M. Lewis et al., 1998). Unfortunately,
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stratifying our PD patients into high and low cognitive ability groups is not possible with
the current sample size. Future research should investigate whether deficits in pun
comprehension exist in PD, and whether this is related to cognitive decline.

4.3 Humor Appreciation
4.3.1

Controls experience reduced humor appreciation ON levodopa,
but PD patients do not
PD causes progressive degeneration of dopaminergic neurons in the SNc,

followed by the VTA in later stages of the disease. In early PD, when the VTA is
relatively intact, levodopa medication can induce deficits in functions mediated by VTAinnervated regions, such as the VS (i.e., dopamine overdose hypothesis; Figure 2). For
example, reward-based learning is decreased in healthy young and elderly participants, as
well as early-stage PD patients ON, but not OFF levodopa medication (Hiebert et al.,
2019; Hiebert, Seergobin, Vo, Ganjavi, & MacDonald, 2014; Vo et al., 2016, 2018).
Although humor comprehension, covered previously, has been shown to implicate DS
and cortical networks reciprocally connected to SNc-innervated DS (Campbell et al.,
2015), humor appreciation implicates the VS, VTA, and other VTA-innervated brain
regions such as the amygdala (Mobbs et al., 2003). Due to this reliance on disparate brain
regions that are unequally dopamine-deprived in PD, different patterns of performance
were expected for humor comprehension and appreciation in PD, in healthy elderly
controls, and related to exogenous dopamine therapy. In the present study, we found that
control participants rated joke stimuli as significantly less funny while ON levodopa
medication compared to OFF medication (Figure 10). This partially confirms our original
hypothesis that across groups, humor appreciation would be reduced ON medication due
to the dopamine overdose hypothesis.
Previous studies have indeed documented cognitive deficits in healthy participants
during administration of levodopa. For example, healthy young adults given levodopa are
impaired in probabilistic reversal learning (Vo et al., 2016) and stimulus-response
learning (Vo et al., 2017), presumably due to overdose of the VS, which plays a key role
in reward-based learning. Although older healthy adults do experience age-related
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declines in striatal dopamine (Bäckman et al., 2000; Wang et al., 1998), this levodopainduced impairment has been found to persist in older healthy adults for VS-mediated
functions. For example, despite the fact that their baseline probabilistic reversal learning
performance is reduced compared to young healthy adults, older adults indeed experience
learning impairments while ON levodopa (Vo et al., 2018). Levodopa also impairs facial
emotion perception in healthy older adults, accompanied by decreased activation in the
VTA-innervated amygdala (Delaveau et al., 2005, 2007). These seemingly VS-specific
functional deficits following levodopa administration likely emerge in healthy older
adults is because age-induced dopamine decline appears to affect SNc/DS functions to a
greater extent than VTA/VS functions. This notion is supported by studies demonstrating
that levodopa actually improves motor cortex function (Kishore et al., 2014) and memory
(Coulthard et al., 2019) in healthy older adults. This could explain why VS-mediated
humor appreciation was reduced by levodopa in healthy elderly controls in the present
study, whereas DS-mediated humor comprehension was not affected.
No significant difference in humor appreciation across medication status was
found for PD patients. Although we originally predicted that levodopa would reduce
humor appreciation for both groups, it is possible that our PD patient group was further
progressed in the disease than expected and beginning to experience VTA degeneration
and subsequent VS dysfunction. Indeed, PD patients with a disease duration greater than
5 years have been shown not to experience levodopa-induced deficits in probabilistic
reversal learning (A. A. MacDonald et al., 2013). This is presumably because levodopa
medication would restore, rather than overdose, dopamine in the degenerated VTA/VS in
late-stage PD patients. In the present study, three PD patients had disease durations
greater than 5 years, and two patients had disease durations of 4 years, meaning that laterstaged patients accounted for a significant proportion of our patient sample. Statistical
comparisons between PD patients with short and long disease durations are not feasible
with the present sample size, but there was indeed a non-significant trend for PD patients
to rate jokes as funnier while ON medication (Figure 10). Our small sample, and the
significant proportion of patients with more advanced disease stage, raise the possibility
that some of our patients have sufficient VTA degeneration that they might not
experience dopamine overdose. Unfortunately, our small sample precludes exploring this
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hypothesis empirically. We are contemplating future studies in which patients are
intentionally stratified by disease duration and severity, to further investigate this
supposition.

4.3.2

Ambiguous stimuli rated as funnier than unambiguous stimuli
Our analysis of humor appreciation ratings also revealed that ambiguous non-

jokes were rated by participants to be funnier than unambiguous non-jokes (Figure 9).
This reflects our findings for humor comprehension, in which participants made more
categorization errors for ambiguous non-jokes than for unambiguous non-jokes. It is
therefore likely that some of our ambiguous non-joke stimuli were erroneously thought to
contain humorous content, and that these were also interpreted as subjectively funnier.
We also analyzed participants’ responding bias for correctly categorized jokes and found
that ambiguous jokes tended to be categorized as funny jokes (rather than unfunny jokes)
more often than unambiguous jokes. Taken together, this suggests that ambiguous stimuli
overall were more humorous to participants than unambiguous stimuli. Interestingly, this
effect was not found in a previous study from which we drew the majority of our stimuli
(Bekinschtein et al., 2011). This discrepancy could be due to our expansion of the
stimulus set, or due to the different populations that were investigated (i.e., PD patients
and healthy elderly in the current study compared to healthy young adults in Bekinschtein
et al.'s study). Indeed, several studies have demonstrated that healthy elderly participants
tend to have greater humor appreciation than younger participants (Greengross, 2013;
Schaier & Cicirelli, 1976).

4.3.3

Controls rate non-jokes faster than jokes, but PD patients do
not
Similar to our findings for humor comprehension RT, control participants also

made funniness ratings for non-joke stimuli more quickly than for joke stimuli (Figure
11). Once again, this finding is corroborated by studies that have found faster RT to nonjoke stimuli (Goel & Dolan, 2001; Mobbs et al., 2003) and by our finding that non-joke
stimuli were rated more quickly for both ambiguous and unambiguous stimuli (Figure
12). This could be because participants gave low funniness ratings to non-joke stimuli (M
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= 1.26) and likely did not have to deliberate over the degree of subjective amusement they
experienced in response to non-jokes.
There was no significant difference in humor appreciation RT for jokes compared
to non-jokes in the PD patient group. Once again, it is unlikely that this is a result of
bradykinesia, as there was no significant difference between PD patients and controls for
joke rating RT. Instead, we believe that for non-jokes, PD patients had more difficulty
settling on a particular humor rating because they were impaired in the comprehension of
non-joke stimuli in the first place. In other words, if PD patients experienced difficulty
while determining that a non-joke stimulus did not contain humorous intent, they might
have additional difficulty providing a subjective amusement rating for that stimulus, and
thus take longer to make the response.

4.4 Limitations
There are several important limitations to the present study. First, a sample size of
20 participants across groups is admittedly small and is also below our target sample size
of at least 34. For some of our analyses, particularly the regressions investigating
relationships between our humor processing measures and the demographic, clinical, and
questionnaire data obtained, this small sample size might have compromised statistical
power to a large degree, leading to Type II errors. PD is an extremely heterogenous
disease in which a variety of clinical phenotypes might present. Therefore, studies with
larger samples of PD patients are better able to capture this clinical heterogeneity and
produce more generalizable results. A larger sample size would have allowed us to
stratify our results by degree of cognitive ability, side of symptom onset, and disease
duration for PD patients, which could have clarified our results. Future research into
humor processing in PD should aim to replicate and expand upon the results of this study
with larger samples of clinically well-characterized PD patients, permitting the
exploration of the impact of clinical features, PD subtypes, severity and duration of PD,
as well as treatments on elements of humor processing. Furthermore, our measures of PD
severity were limited to disease duration, LED, and N-FOG scores. However, the use of
MDS-UPDRS scores would likely be a more sensitive measure of disease severity and
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could provide greater insight into the relationship between PD severity and aspects of
humor processing.
Another limitation of this study is that participants were aware of the fact that they
were taking part in an experiment investigating humor processing and that they would be
hearing humorous audio clips. As noted by Samson and Hegenloh (2010), participants
with awareness about the study’s purpose might be inclined to produce socially desirable
responses. This could have created a bias toward categorizing audio clips as jokes,
particularly if the participant was experiencing difficulties with humor comprehension
and was unsure of which category to choose. Future studies could therefore attempt to
conceal the true purpose of the study. For example, the study could be framed as an
investigation of language processing, rather than humor processing.
Another important methodological limitation that might have falsely inflated joke
comprehension accuracy is that the trichotomous response profile provides twice the
number of categories for jokes compared to non-jokes. If participants were responding
completely at random, they would choose one of the “joke” categories twice as often as
the “non-joke” category. Although this response profile is an improvement over previous
humor processing studies in that it allows for participants to distinguish between their
comprehension and appreciation of a stimulus, the methodology could be improved upon
to equalize the probability of choosing “joke” and “non-joke”. The simplest solution
would be to add a fourth response option for stimuli that participants believe to be nonjokes, but find funny (i.e., “Non-joke – Funny”). Alternatively, participants could be
asked directly about the speaker’s intentions regarding the stimuli (e.g., “Did the speaker
intend to be humorous?”), which would result in Yes/No responses that would still
capture humor comprehension separate from appreciation. This could be followed by a
funniness rating response (as done in the present study) to capture humor appreciation
toward a particular stimulus, regardless of participants’ response to the initial
comprehension question.
The present study investigated humor processing using auditory verbal joke and
non-joke stimuli. However, humor comes in many different forms (e.g., cartoon,
slapstick, nonsense), and therefore our results are limited solely to discussions about
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verbal humor. Furthermore, our use of traditional verbal joke stimuli limits the ecological
validity of the study, because these jokes are rarely encountered in everyday life. Future
studies could explore the processing of other forms of humor in PD. Our use of both
ambiguous (i.e., puns) and unambiguous joke stimuli along with corresponding non-joke
stimuli does provide a more in-depth investigation into the specific components of verbal
humor processing in PD. However, there are indications that the stimuli could be
improved to reduce confounds. For example, item analyses should be conducted with
larger sample sizes to refine the stimuli set, in order to identify potential non-jokes that
are commonly mistaken for jokes, which could then be removed and replaced with a more
appropriate non-joke stimulus.
Finally, this study represents a primarily behavioral account of humor processing
in PD. Although we can make inferences about the brain regions involved through our
knowledge of PD and dopamine pathways, we cannot conclusively determine which brain
regions might be implicated in potential humor processing deficits in PD with the present
data. Therefore, future investigations should include a neuroimaging component in order
to elucidate regional brain activity differences that arise during humor processing in PD.
Neuroimaging might also clarify the role of the cortex in PD-related humor processing
deficits.

4.5 Conclusions
The current investigation of humor processing in PD represents an important step
in evaluating the disease’s social symptoms. Humor is a uniquely human phenomenon
with a well-documented role in social interaction, therefore any potential deficits in
humor comprehension and appreciation could have a negative impact on patients’ daily
lives. From a basic science perspective, the results of this study also shed light on the role
of dopamine and the involvement of particular brain regions (e.g., DS, VS) in the distinct
processes of humor comprehension and appreciation.
We found that PD patients were deficient in their ability to correctly identify nonjoke stimuli (i.e., no humorous intent). Overall, we interpret this to reflect a more general
deficit in humor comprehension as methodological limitations might have falsely inflated
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PD patients’ humor comprehension accuracy scores for joke stimuli. There was no
evidence that PD patients’ humor comprehension abilities were affected by dopaminergic
medication, or that patients were particularly deficient in the comprehension of puns.
Future research should corroborate this with different humor processing tasks and
neuroimaging results to provide converging evidence for a DS-mediated humor
comprehension deficit in PD. Furthermore, we found that levodopa decreased humor
appreciation for jokes in healthy elderly controls, providing support for the dopamine
overdose hypothesis and evidence that the VS mediates subjective amusement in response
to humorous stimuli. No effects of levodopa on humor comprehension and appreciation in
PD were noted, somewhat at odds with our predictions. We surmise that this arose due to
a quite varied PD sample in the current study. Our small sample size prevented us from
investigating the impact of clinical variables (e.g., disease severity, disease duration,
cognitive impairment, side of symptom onset) that might interact with elements of humor
processing. Further, we were not able to remove or mitigate variance related to the
clinical heterogeneity of our sample because of the small sample size. In sufficientlypowered future studies, we plan to investigate humor comprehension and appreciation,
ON and OFF levodopa, in PD patients with short and long disease durations, a range of
disease severity, as well as in different clinical phenotypes, symptoms, and therapeutic
regimens. Contrasting performance of thoroughly, clinically-characterized PD patients to
healthy older and younger controls who are treated with exogenous dopamine will
provide further context for understanding humor processing in PD, a topic about which
very little is known.
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